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DISTRIBUTION OF INTRAVENOUSLY INJECTED GLUTAMATE, 
LACTATE, PYRUVATE, AND SUCCINATE BETWEEN 
BLOOD AND BRAIN* 


By J. RAYMOND KLEIN anp NORMAN §8. OLSEN 


(From the Departments of Psychiatry and Biological Chemistry, University of Illinois 
College of Medicine, Illinois Neuropsychiatric Institute, Chicago) 


(Received for publication, September 12, 1946) 


Intravenous injection of a number of substances, known to be oxidized 
by brain in vitro, does not maintain the electrical activity of brain (1) or 
relieve symptoms of hypoglycemia (2) in eviscerated animals. Of these 
substances, fructose, whose oxidation by brain in vitro follows the same 
pattern as for glucose (3), when injected intravenously does not attain a 
concentration in brain that might be expected to relieve symptoms of hypo- 
glycemia (4). The concentrations of lactate in brain and blood vary in- 
dependently in such fashion that interchange of lactate between these tis- 
sues must be slow (5); consequently, intravenous injection of lactate would 
not be expected to provide brain with a concentration that would meet its 
metabolic requirements. A hypothesis that would explain the failure of 
intravenous injection of any substance to affect brain, although the sub- 
stance may have a considerable effect in vitro, is that its rate of transfer 
from blood to brain is not sufficient to provide an effective concentration in 
brain. 

In the present work the distribution of 1(+)-glutamate, /(+-)-lactate, 
pyruvate, and succinate between arterial blood plasma and cerebral hemi- 
spheres of cats was determined after intravenous injection of these sub- 
stances, and the concentrations in brain compared with those attained by 
glucose following similar injections. The data obtained support the 
hypothesis. 


EXPERIMENTAL 


The skulls of cats, anesthetized with 0.07 gm. of sodium amytal per kilo 
of body weight given subcutaneously, were suitably exposed for eventual 
freezing and then injected intravenously with 0.5 gm. of the substances con- 
sidered per kilo of body weight. The acids were adjusted to pH 7 before 
injection. In the case of each substance the brain of one cat was frozen by 
application of liquid air to the skull 10 minutes after the injection, arterial 
blood being taken in heparin at the same time, and that of another frozen 

) minutes after injection. 


Aided by a grant from the Rockefeller Foundation. 
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2 DISTRIBUTION OF METABOLITES 


The cerebral hemispheres, ground to a powder while frozen, and plasma 
obtained from the blood in the cold as quickly as possible, were prepared for 
assay. Glucose (6), lactate (7), and pyruvate (8) were measured colori- 
metrically. Glutamate was estimated manometrically in terms of amino 
acid nitrogen (9). Succinate was precipitated as the silver salt (10) from 
trichloroacetic acid filtrates and finally assayed manometrically (11). 
Blood in the tissue was estimated by comparison of the concentrations of 
hemoglobin in tissue and blood (12). 

The results are given in Table I. The increments in brain glucose fol- 
lowing injection of this sugar were estimated from the average ratio of brain 
to plasma glucose, obtained in experiments in which no injections were made, 
and the observed levels of brain glucose. The average ratio and its stand- 
ard deviation, 0.411 + 0.029, and the method of estimation have been 
reported previously (4). 

Considerable increments of tissue glucose were obtained 10 minutes after 
injection of this sugar (Experiments 1 and 2). Increases in tissue glucose 
were also obtained in those experiments in which the plasma glucose in- 
creased considerably after injection of other substances (Experiments 3 to 
5, and 7). With a higher dosage, marked increments have been obtained 
5 minutes after injection (4). 

The concentrations of lactate in brain following injection of this sub- 
stance (Experiments 3 and 4) do not differ significantly from those obtained 
in most of the other experiments (Nos. 1, 2,8 to 11). This indicates that 
transfer of lactate from blood to brain must be slow. A similar conclusion 
may be inferred from the fact that administration of lactate has no influence 
on symptoms of hypoglycemia (2, 13) and that the difference in lactate con- 
centration between arterial and internal jugular blood, under a variety of 
conditions, is always positive.! 

The concentrations of pyruvate in brain following administration of this 
substance (Experiments 5, 6, and 7) do not differ significantly from those 
obtained in the other experiments (Nos. 1 to4,8 to 11). However, the con- 
centrations of lactate in brain are considerably higher than in the other ex- 
periments. This suggests that pyruvate diffuses into brain at an appre- 
ciable rate and is then converted into lactate. Symptoms of hypoglycemia 
appear in cats when the concentration of glucose in brain is less than 26 mg. 
per 100 gm. (14). The increment in lactate obtained 10 minutes after in- 
jection of pyruvate (Experiment 5) is of at least this order of magnitude and 
might be expected to satisfy the energy requirements of brain. It is pos- 
sible that the progressively lower concentrations of lactate, obtained 20 and 
40 minutes after injection of pyruvate, indicate removal of the increment 
by oxidation. If this is so, and in view of the fact that pyruvate does not 


1 Gibbs, F. A., and Gibbs, E. L., unpublished data. 
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4 DISTRIBUTION OF METABOLITES 


relieve symptoms of hypoglycemia in eviscerated animals (2), it would 
appear that oxidation of lactate does not meet the energy requirements of 
brain as does oxidation of glucose. 

The concentrations of amino acid nitrogen in plasma were markedly 
greater after injection of glutamate; however, the concentration in brain was 
not significantly changed (Experiments 8 and 9). The increments in 
plasma amino nitrogen were not attributable to urea and, presumably, were 
due to the presence of glutamate. The apparent failure of appreciable 
quantities of /(+ )-glutamate to diffuse into brain is of some interest in view 
of certain effects of glutamate that are possibly central in origin. Admin- 
istration of considerabie quantities of this amino acid induces vomiting, 
which can be prevented by narcosis (15). dl-Glutamic acid hydrochloride 
and /(+-)-glutamic acid have been used in the control of petit mal (16, 17). 

The data do not indicate the presence of succinate in brain. The method 
of assay as carried out in the present work was not suitable for estimation of 
less than about 5 mg. per 100 gm. Thus, the presence of comparatively 
small quantities of succinate in brain and the possibility of some increment 
after injection were not precluded. However, its rate of diffusion must be 
significantly lower than that of glucose. It has been reported (18) and 
denied (19, 20) that administration of succinate affords protection against 
lethal and anesthetic doses of barbiturates. The protective effect of 
succinate has been attributed to provision of the central nervous system 
with a metabolite whose oxidation is not inhibited by barbiturates as is 
that of glucose (18). Since administration of succinate does not relieve 
symptoms of hypoglycemia (1) and, in our hands, does not affect the 
electroencephalogram of animals under barbiturates, this explanation is 
probably inadequate. Furthermore, the present experiments indicate that 
the concentration of succinate in brain, following injection of this sub- 
stance, did not approach the level of glucose at which symptoms of hypo- 
glycemia do not appear; therefore, succinate would not be expected to serve 
as a substitute for glucose. 


SUMMARY 


The concentrations of /(+)-glutamate, /(+)-lactate, and succinate 
determined in blood plasma and brain at intervals after intravenous injec- 
tion of these substances were such as to indicate that their rates of transfer 
from blood to brain are markedly less than that for glucose. The con- 
centrations of these substances in brain induced by their injection were 
less than the concentration of glucose required to maintain central nervous 
function; consequently, these substances would not be expected to serve 
as a substitute for glucose in relief of hypoglycemic symptoms. Following 
injection of pyruvate the concentration of brain lactate increased to an 
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uuld extent indicating a considerable rate of transfer of pyruvate from blood 

s of to brain. Therefore, the failure of pyruvate to relieve symptoms of hypo- 
glycemia may be due to inability of lactate oxidation to support central 

idly nervous function. 
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STEROID EXCRETION IN A CASE OF ADRENOCORTICAL 
CARCINOMA 


Ill. THE ISOLATION OF A*’-PREGNENEDIOL-3(8),17(6)-ONE-20 AND OF 
17a-METHYL-A*-D-HOMOAN DROSTENEDIOL-3(8), 17a(a@)-ONE-17* 


By H. HIRSCHMANN anp FRIEDA B. HIRSCHMANN 


(From the Department of Medicine, School of Medicine, Western Reserve University, 
and the Lakeside Hospital, Cleveland) 


(Received for publication, August 19, 1946) 


The examination of the non-ketonic fraction from the urine of a boy 
with an adrenocortical tumor has led to the isolation of two substances 
which are structurally related to dehydroisoandrosterone, a A5-androstene- 
triol-3(8),16,17 and A*-androstenediol-3(8),17(a) (1, 2). In analogy to 
the metabolic interrelationships of the estrogens it was suggested that 
dehydroisoandrosterone and androstenediol are mutually interconvertible 
in the body, while the triol was considered as a metabolite of dehydroisoan- 
drosterone. Since then several reports from other laboratories have ap- 
peared which lend some support to this concept. It has been shown by 
Ruzicka, Prelog, and Wieland (3) that the structural analogy between an- 
drostenetriol and estriol extends to the configuration of the glycol grouping. 
Marrian and Butler (4) have reported the presence of androstenetriol in 
normal urine, and Mason and Kepler (5) have obtained it from patients 
with adrenal tumors. The presence of both the triol and dehydroisoan- 
drosterone in the same urine is, therefore, no uncommon phenomenon. 
Androstenediol also has been found in other cases of neoplasm of the 
adrenal cortex (5, 6). Miller and Dorfman (7) have demonstrated the 
metabolic conversion of this substance into dehydroisoandrosterone in the 
guinea pig, while evidence for the reverse reaction has been secured in man 
by Mason and Kepler (8). In view of this situation it seemed of interest 
to determine the amounts of dehydroisoandrosterone in our urine extracts 
and to search for other metabolites of this substance in the ketonic fraction. 

A solution of the ketonic compounds in benzene yielded a small crop of a 
crystalline precipitate which was separated. The remainder of the ma- 
terial was chromatographed on alumina. This fractionation yielded a-3- 
chloro-A*-androstenone-17, dehydroisoandrosterone, and a compound which 
had not previously been obtained from natural sources. It melts at 293- 
299° and is only sparingly soluble in the common organic solvents. The 
analyses of this substance and of its acetyl derivative indicated the com- 
position C2,H3.0; for the parent compound. It forms a monoacetate and 


*This investigation has been supported by grants from the Commonwealth Fund, 
the Price McKinney, Jr., Fund for Leukemia Research, and from the American 
Cancer Society on the recommendation of the Committee on Growth of the National 
Research Council. 








8 STEROID EXCRETION. III 


a monooxime. 1 oxygen atom, therefore, is present as a hydroxy! group 
and another as a carbonyl group. The function of the 3rd as a tertiary 
hydroxyl group was established by oxidative degradation. The acetate 
rapidly decolorized an equimolar amount of bromine at room temperature. 
While this does not prove that the ketone contains an ethylenic double 
bond, the reaction is consistent with this interpretation. The presence of 
an olefinic linkage is also in harmony with the analytical data if they are 
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Fig. 1. Absorption spectra of (Curve 1) acid C.;H;,O; (IIIa) obtained by oxidation 
of isolated acetate C2;H;,O, (8-3-acetoxy-17a-methyl-A*-D-homoandrostenol-17a- 
(a)-one-17 (Ila)); (Curve 2) 8-3-acetoxy-A*-pregnenol-17(8)-one-20, isolated (Ib); 
(Curve 3) 8-3-acetoxy-A*-pregnenol -17(a)-one-20, synthetic (see foot-note 4) (VIIb). 
Solvent, 95 per cent ethanol. The measurements were carried out with a Beckman 
spectrophotometer. 








considered in terms of a tetracyclic structure. Treatment of the bromin- 
ated acetate at room temperature with an amount of chromic acid equiva- 
lent to 1.5 atoms of oxygen followed by debromination yielded about 80 
per cent of acidic material. The analysis of the main reaction product 
indicated the composition C23;H Os, which differs from that of the starting 
compound only in the presence of 1 additional oxygen atom. The acetoxy 
and the carboxyl groups account for 4 of the oxygen atoms. Lack of 
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H. HIRSCHMANN AND F. B. HIRSCHMANN 9 


material prevented the characterization of the 5th oxygen by conventional 
methods, but its function as a keto group was demonstrated conclusively 
by spectrographic examination which revealed a low maximum at 287 mp 
(Fig. 1). The oxidation of an acetate C.;HsO, to an acetoxy keto acid 
with the same number of carbon and hydrogen atoms can be explained only 
if the starting compound contains a tertiary hydroxyl group adjacent to a 
keto group. Both groups must be attached to a ring which is opened on 
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Fic. 2. Absorption measurements of pigments formed with alkaline m-dinitro- 
benzene. Curve 1, isolated acetate C,H sO, (8-3-acetoxy-17a-methyl-A*-D-ho- 
moandrostenol-17a(a@)-one-17 (IIa) (100 y per 0.2 ec.); Curve 2, 8-3-acetoxy-17a- 
methy!-A*-D-homoandrostenol-17a(a@)-one-17, synthetic (IIa) (100 y per 0.2 ce.); 
Curve 3, 8-3-acetoxy-A‘'-pregnenol-17(a)-one-20, synthetic (see foot-note 4) (VIIb) 
(100 y per 0.2 ec.); Curve 4, 8-3-acetoxy-A*-pregnenol-17(8)-one-20, isolated (Ib) (90 
+ per 0.2 cc.); Curve 5, oxidation product of substance of Curve 4 (dehydroisoandros- 
terone acetate (IVa)) (50 y per 0.2 cc.); Curve 6, dehydroisoandrosterone acetate, 
synthetic (IVa) (507 per0.2cc.). Reaction time, 105 minutes. Details of the proce- 
dure are given in the experimental section. 





oxidation. This reaction converts the tertiary hydroxy] into a keto group 
and the original keto group into a carboxyl group. 

The acetate of the isolated compound is chromogenic in the von Bitté- 
Zimmermann reaction. Under the conditions of Holtorff and Koch (9), an 
intense purple color develops which starts to change to brown at the end 
of about 45 minutes. Spectrographic measurements taken after 105 
minutes are presented in Fig. 2 (Curve 1). A positive test is regarded as 
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indicative of an active methylene (10)! such as is present in the CO-CH, 
grouping. Investigations in the steroid field have shown, however, that 
those ketones which contain this structure in a central ring produce no or 
only a very feeble color in this reaction (12, 13,9). Although it is possible 
that a neighboring hydroxyl group may influence the reactivity of the keto 
methylene grouping,’ it seemed justified to search for the structure of 
the isolated compound primarily among those steroids and steroid deriva- 
tives that contain a keto group in a terminal ring. Few of the compounds 
that remain for further consideration are likely to occur as urinary con- 
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stituents. These include a steroid rearrangement product first synthe- 
sized by Ruzicka and Meldahl (14) which has since been identified (15-17) 
as 17a-methyl-A*-D-homoandrostenediol-3(8),17a(a)-one-17 (IIb). Its 


‘This generalization of Reissert (10) appears not to be fully justified since von 
Bitté (11) lists a number of positive reactions with a,8-unsaturated and with aromatic 
aldehydes which do not contain an active methylene group. 

2No enhancing effect has been noted if the keto group is in the 6 position, as Hol- 
torff and Koch (9) have listed a 5-hydroxy-6-ketosteroid among the non-chromogenic 
compounds. It is presumed that this substance which is designated as ‘‘A‘-3-acet- 
oxy-5-hydroxy-6-ketocholenic ethyl ester’’ does not contain a double bond between 
carbon atoms 5 and 6. 
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properties as reported by Shoppee and Prins (17) are in satisfactory agree- 
ment with those of the isolated product. These workers described three 
different modifications with transition points at 260° and 290° and a melting 
point of 302-305°, but failed to confirm the observations of all other in- 
vestigators who recorded melting points varying from 277° to 282° (14, 20- 
23). We, therefore, prepared a reference specimen by the method of 
Shoppee and Prins which is summarized in the accompanying diagram 
(IVb — V — VI — VIIa — IIb). It utilizes reactions first described by 
Stavely (21, 24) and by Ruzicka and Hofmann (25). The final product 
agreed in,every respect with the isolated substance. The comparison in- 
cluded the melting points and mixed melting points of the free compound, 
of the acetate (Ila), of the oxime, and of the oxidation product (IIIa), 
as well as the behavior of the acetate in the dinitrobenzene reaction (Fig. 
2). It is concluded, therefore, that the isolated compound is 17a-methyl- 
A®’-D-homoandrostenediol-3(8) , 17a(a)-one-17. 

The investigations of Shoppee and Prins leave no doubt as to the chemi- 
cal identity of their product with the lower melting preparations obtained 
elsewhere. Since it seemed possible that the presence or absence of minor 
amounts of contaminants may determine the crystal form, we have pre- 
pared this D-homosteroid also by a second procedure. Treatment of 
A®-pregnenediol-3(8) , 17(a)-one-20 3-monoacetate (VIIb)* with methanolic 
potassium hydroxide again yielded the higher melting product, whereas 
Stavely (22), who first described this reaction, reported a melting point of 
280°. The shorter procedure of Stavely, therefore, can also be used for 
preparing the higher melting form of the methylhomoandrostenediolone. 

Since 17a-methyl-A*®-D-homoandrostenediol-3(8) , 17a(a)-one-17 does not 
contain the steroid nucleus but is readily prepared from compounds pos- 
sessing this structure, it seemed probable that the isolated D-homosteroid 
might have formed from a A*-pregnenediol-3(8),17-one-20 during the 
fractionation procedure. This concept received strong support by the 
isolation of a second substance with the composition C2,H3,03, which was 
identified as A°-pregnenediol-3(8) ,17(8)-one-20 (Ia). The presence of a 
reactive hydroxyl group in this compound was ascertained by the formation 
of a monoacetate, while a keto group was demonstrated by spectrographic 
analysis (Fig. 1). Since the position of the maximum (294 my) was closer 
to the visible region than the generalizations of Rice (26) and of Lowry and 
Lishmund (27) had led us to expect, we also investigated the spectrum of 
the 17-epimer. It showed a maximum at 295 my (Fig. 1). The isolated 


*This fact was not known to us when the structure of the isolated compound (18) 
was discussed at the Thirty-seventh annual meeting of the American Society of 
Biological Chemists in Atlantic City, since the melting point was erroneously re- 
ported in Chemical Abstracts (19) as 275-277°. 

‘We are indebted to Dr. H. E. Stavely for this preparation. 
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acetate (Ib) was brominated, oxidized with chromic acid, and debromi- 
nated. The main reaction product was found in the neutral fraction. It 
reacted with m-dinitrobenzene and alkali like a 17-ketosteroid (Fig. 2) and 
was identified as dehydroisoandrosterone acetate (IVa) by melting point, 
mixed melting point, and by conversion into the benzoate. Since the 
starting compound is not a 17-ketosteroid (Fig. 2), it follows that its keto 
group must be present in a side chain attached to C-17._ This degradation 
of a compound CHO; establishes it as a A®-pregnenediol-3(8) , 17-one-20 
but leaves the configuration at C-17 undetermined. The two stereoisomers 
with this structure (Ia and VIIc) have been prepared by partial synthesis 
and show widely differing properties (22-24, 17, 28-30). Comparison of 
the melting points and of the optical rotation leaves no doubt that the 
isolated compound belongs to the 8-17-hydroxy series and thus possesses 
the same spatial arrangement at C-17 as all 17-hydroxy steroids isolated 
from the adrenal cortex. Through the kind cooperation of Professor 
Reichstein it was possible to confirm the identity of our product by mixed 
melting point determination with synthetic samples of the diolone and its 
monoacetate. A direct comparison with authentic material was partic- 
ularly desirable, as the wide ranges of fusion which we consistently ob- 
served with our preparations were in marked contrast to the sharp melting 
points found by Reichstein and his coworkers (29, 30). However, the 
synthetic preparations when tested under our conditions (open capillary) 
also melted over a wide interval. While the reason for this discrepancy 
remains obscure, it seems justified to conclude that this behavior may be 
due to factors other than the presence of contaminants. 

The two stereoisomeric forms of A®-pregnenediol-3(8) ,17-one-20 acetate 
can readily be distinguished by means of the von Bitt6-Zimmermann re- 
action. If the hydroxyl group at C-17 is in the 8 position, the compound 
yields a reddish brown pigment with a broad maximum near 490 mp. The 
17-epimer develops a transitory purple color which changes to brown. 
The time relationships of this color shift as well as the absorption char- 
acteristics of the final reaction product, which shows no maximum in the 
the visible region (Fig. 2), are in striking agreement with corresponding 
data on 17a-methyl-A®-D-homoandrostenediol-3(8) ,17a(a)-one-17 acetate. 
This close accord between two substances with different chromogenic 
groups is explained most readily if it is assumed that A*-pregnenediol- 
3(8),17(@)-one-20 rearranges to the homosteroid prior to condensation 
with dinitrobenzene. These observations suggest that the von Bitté- 
Zimmermann reaction may prove to be of value in ascertaining the con- 
figuration of other 17-hydroxy steroids with an aceto group at this carbon 
atom. 

Conditions which lead to enlargement of Ring D in 17-hydroxy-20-keto- 
steroids include treatment with acid (31), alkali (22, 31, 32), and alumina 
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(24, 17). Since A*-pregnenediol-3(8) ,17(8)-one-20 was subjected to the 
action of all three factors, the step responsible for the suspected conversion 
into 17a-methyl-A*-D-homoandrostenediol-3(8),17a(a)-one-17 is not read- 
ily determined. Treatment of 8-17-hydroxyprogesterone with a boiling 
mixture of glacial acetic and concentrated hydrochloric acids effects some 
isomerization to 17a-methyl-A‘-homoandrostenol-17a(8)-dione-3,17 (31, 17). 
Although these reaction conditions are not identical with those prevailing 
in the acid hydrolysis of urine, it seems noteworthy that this rearrangement 
product differs from the isolated D-homosteroid in the configuration at 
C-17a. Since 8-17-hydroxyprogesterone remains largely unchanged when 
methanolic solutions are heated with moderate amounts of potassium 
hydroxide (31), it seems quite unlikely that the partition of the urinary 
extract into neutral and acidic material could have led to the formation of 
significant amounts of D-homosteroid. The effect of aluminum oxide on 
8-17-hydroxy-20-ketosteroids has not been adequately studied. It is ap- 
parent, however, that they are far less sensitive than their 17-epimers (17). 
Von Euw and Reichstein (31), who isolated 17a-methyl-A‘-D-homoan- 
drostenol-17a(a)-dione-3,17 from adrenal extracts, considered alumina as a 
factor in its formation from 8-17-hydroxyprogesterone but were unable to 
exclude other causes. We obtained the highly insoluble 17a-methyl- 
A®-D-homoandrostenediol-3(8),17a(a)-one-17, chiefly from fractions that 
had been in protracted contact with large amounts of aluminum oxide, 
while the benzene-insoluble ketones which had not undergone such pro- 
longed treatment contained mostly A*-pregnenediol-3(8),17(8)-one-20. 
We suspect, therefore, that the action of alumina is largely responsible for 
the presence of the D-homosteroid in our fractions. When §-3-acetoxy- 
A®-pregnenol-17(8)-one-20 was kept in contact with alumina for several 
days, no starting compound could be recovered. The eluates when tested 
in the von Bitté6-Zimmermann reaction showed the chromogenic properties 
of 17a-methyl-A*-D-homoandrostenediol-3(8) ,17a(a@)-one-17 monoacetate. 
However, the isolation of this substance from the eluates could not be ac- 
complished on the small scale on which it had to be attempted. Definite 
evidence, therefore, is still lacking that the pregnenediolone rearranges to 
the D-homosteroid under conditions that prevailed during the isolation. 
Nevertheless such a conversion has been assumed in estimating the titer 
of pregnenediolone as greater than 11.7 mg. per liter of urine. 

Neither A®-pregnenediol-3(8) ,17(8)-one-20 nor 17a-methyl-A*-D-homo- 
androstenediol-3(8) ,17a(a)-one-17 has been described before as a uri- 
nary constituent. In view of the numerous studies which have been carried 
out on the ketonic fraction of normal urine, it may be justified to conclude 
that the concentration of pregnenediolone in normal urine is substantially 
lower than that encountered by us. It would appear, therefore, that 
A®’-pregnenediol-3(8) ,17(8)-one-20 originates at least in part in the adrenal 
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cortex. Two closely related substances, 8-17-hydroxyprogesterone (33, 
31) and allopregnanediol-3(8) ,17(8)-one-20 (34-36), have been isolated 
from this source. Both may be metabolites of A*-pregnenediol-3(8) ,17- 
(8)-one-20. Reasons which may justify this assumption have been stated 
in a previous communication (2). Biogenetic relationships may also exist 
with a pregnanediol-3(a),17-one-20 (37) and a pregnanetriol-3(a),17 ,20 
(38, 5) which have been isolated from the urine of patients with hyper- 
plasia or tumors of the adrenal (5, 37, 38) or hypofunction of the testis (37). 

One of the most consistent features in the steroid excretion of patients 
with adrenocortical tumors (5) is the very high titer of dehydroisoandroste- 
rone (IVb). The present case conforms to this pattern, as the yields of 
dehydroisoandrosterone and of its chloride (a-3-chloro-A°-androstenone-17) 
correspond to a total of 321 mg. of dehydroisoandrosterone per liter of 
urine. Dehydroisoandrosterone has not been found in adrenal extracts 
and its precursor in this gland has remained obscure. In general it has 
been proposed that pregnane derivatives with oxygen substituents at C-17 
and at C-20 are metabolized into 17-ketosteroids (39-41). Such compounds 
have been isolated both from adrenal (42) and from urinary (37, 38) ex- 
tracts, but as none contain a double bond in the 5-6 position the theory was 
not directly applicable to the formation of dehydroisoandrosterone. The 
isolation of A*-pregnenediol-3(8) ,17(8)-one-20 appears to fill this gap. 
It should be pointed out, however, that the metabolic conversion of 17- 
hydroxy-20-ketosteroids into 17-ketosteroids is not readily reconciled with 
the observation that adrenal hyperactivity is frequently associated with a 
subnormal output of urinary 17-ketosteroids (43). This apparent anomaly 
could be explained if it is assumed that the reaction between 17-ketosteroids 
and 17-hydroxy-20-ketosteroids can proceed in both directions. The 
reduced excretion of 17-ketosteroids during the resistance phase of the 
adaptation syndrome would then reflect an increased rate of utilization of 
17-ketosteroids in the synthesis of the pregnane compounds of the adrenal 
cortex. It is conceivable that the dehydroisoandrosterone needed to 
initiate such a synthesis may be formed from cholesterol (44, 45) without 
passing through an intermediate containing 21 carbon atoms. 


EXPERIMENTAL® 


Fractionation of Ketones—The separation of the neutral ether-soluble 
ketones from 4.2 liters of urine from a boy with adrenocortical carcinoma 
has been described in preceding communications (1, 2). This material 
(6.1 gm.) was dissolved in 8 ce. of benzene. A crystalline precipitate 
formed on standing at room temperature. It was separated after several 
days and washed with a total of 10 cc. of benzene. The purification of these 
benzene-insoluble ketones (Ketones B, 83.6 mg.) is described below. The 


* All melting points reported are corrected 
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supernatant and washings (Ketones A) were passed through a column (190 
< 36 mm.) of alumina (prepared according to Brockmann by Merck and 








TaBLy I 
Chromatographic Analysis of Ketones A 
Fraction Eluant Eluate 
No. (A) ~ 
\Volume Composition* Weight | Description or compounds isolated 
cc. | mg. 
1— 4 | 1150 | Petroleum ether + benzene 9 | Oils 
(20%) 
5 250 | Petroleum ether + benzene 35 | a-3-Chloroandrostenone- 
| | (50%) 17 
6-10 | 1500 | Petroleum ether + benzene 103. a-3-Chloroandrostenone- 
| (60%) | 17 
1] 300 | Petroleum ether + benzene 21 | «a-3-Chloroandrostenone- 
| (50%) 17 
12 | 150 | Benzene 43 | a-3-Chloroandrostenone- 
17 

13-19 | 1800 | si 395 | Dehydroisoandrosterone 

20-25 | 1850; 436 as 

26-33 | 3600,“ 411) | <. 

34 250 " + ether (5%) 2 me 

35-39 | 1350 | “ + ‘* (§-20%) | 560 i 

40-46 | 2200 “ 4+ © — (20-50%) 662 | ee 

47-48 | 650 “ + * (50%) 113 | Oils 

49-52 | 1200 | Ether  —_—- 

53-57 | 1700 «+ acetone (2-10%) | 137 - 

58 300 mar “ (50% ) 134 | 17a-Methyl-A*-D-homo- 
androstenediol-3(8) , 17a- 
| (a)-one-17 

59 300 — ; " (50%) | 132 | 17a-Methyl-A*-D-homo- 

| androstenediol-3(8) ,17a- 
(a)-one-17 

60 300 ‘fete. - (50%) | 78 | Oil 

61 600 | a ” (50%) 104 | Partly crystalline 

62 300; “ + ” (50% ) 126 | ” 94 

63 300 | Acetone 141 | Oil 

64 | 300 ™ 207 | Partly crystalline 

65-66 | 600 aa | 146 | Oils 

67-68 | 550 wis + methanol (5%) | glo | *“ 

69-71 1800 | Methanol | 626 * 


* Whenever a change of eluant is indicated, the preceding fraction was obtained 
with a final 150 cc. of the new solvent mixture. This was done to correct for the 
holdup of the column. 


Company, Rahway, New Jersey). The chromatographic separation of the 
adsorbate into 71 fractions required 2 weeks. A condensed summary of 


the results is given in Table I. 
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Isolation of a-3-Chloro-A*-androstenone-17—The presence of this com- 
pound in Fractions A-5 to A-12 was indicated by a positive Beilstein test. 
It was isolated by recrystallization from methanol. Fraction A-5 yielded 
7.9 mg. of crystals melting at 156-158°. The melting point remained un- 
changed after admixture with a synthetic specimen of a-3-chloro-A®-an- 
drostenone-17 melting at 155-157° which had been prepared from dehy- 
droisoandrosterone by the method of Wallis and Fernholz (46). The 
yield from Fractions A-6 to A-11 was 17.0 mg. (m.p. 155-157°) and from 
Fraction A-12 3.9 mg. (m.p. 154-156°). These amounts are small com- 
pared with the yield of dehydroisoandrosterone which (in conjugated or 
free form) gives rise to the chloride during acid hydrolysis (47, 48). No 
attempt has been made, therefore, to isolate the additional amounts present 
in the mother liquors. 

The first two mother liquors (74.3 mg.) of Fractions A-6 to A-10 gave a 
red color when tested with 90 per cent trichloroacetic acid, and showed an 
absorption maximum at 235 my (E£;@%’** = 20.1) which may indicate 
the presence of 22 mg. of A**-androstadienone-17 (49). This has not yet 
been verified by isolation. 

Isolation of Dehydroisoandrosterone—The Dirscherl color reaction (50) 
indicated the presence of dehydroisoandrosterone in Fractions A-13 to 
A-46. Five batches of this material (Fractions A-13 to A-19, A-20 to A-25, 
A-26 to A-34, A-35 to A-39, and A-40 to A-46) were kept separate, ben- 
zoylated, and subjected to a systematic fractional crystallization from 
ethyl acetate. Most preparations obtained in this manner (1298 mg.) 
gave a clear melt between 256° and 258°, with a fusion interval of 4-8°. In 
addition 505 mg. were obtained which melted at or above 242-254°. These 
products were identified as dehydroisoandrosterone benzoate by mixed 
melting point determinations with a synthetic specimen and by hydrolysis 
to the free alcohol which showed a transition point at 139.5° and melted 
at 147.5-149°. The corresponding constants for a synthetic reference 
specimen were 141° and 150-151°, respectively. A mixture of both prep- 
arations melted at 149-150°. 

The late eluates in particular gave evidence for the presence of other 
crystalline compounds. These have accumulated in the mother liquors 
but have not yet been investigated. 

Isolation of 17a-Methyl-A°-D-homoandrostenediol-3(8),17a(a)-one-17 (IIb) 
—Fraction A-59 was repeatedly recrystallized from methanol and from 
ethanol. 13 mg. of heavy hexagonal plates were obtained which melted at 


293-299° with decomposition. 


Analysis—Sample dried at 110° in vacuo 
CxH20,. Calculated, C 75.86, H 9.70; found, C 75.81, H 9.54 
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Admixture with a sample of synthetic 17a-methyl-A*-D-homoandrostene- 
diol-3(8),17a(a)-one-17 melting at 296-302° did not depress the melting 
point. The mother liquors of Fractions A-59 and A-58 yielded 7.9 mg. of 
crystals melting at 289-295°. 

17a-M ethyl-A*°-D-homoandrostenediol-3(8) ,17a(a)-one-17 3-M onoacetate 
(1Ia)—A solution of 7 mg. of the isolated D-homosteroid in | cc. of pyridine 
and 0.8 ec. of acetic anhydride was kept at room temperature for 17 hours. 
The excess of anhydride was hydrolyzed by the gradual addition of 0.2 ce. 
of water. The mixture was distributed between ether and water. The 
ether phase was washed repeatedly with dilute hydrochloric acid, with 
sodium carbonate solution, and with water and taken to dryness. The 
residue (8.0 mg.) upon recrystallization from ethanol yielded elongated 
platelets melting at 273-278° with decomposition. 


Analysis—Sample dried at 80° in vacuo 
C23:HO,. Calculated, C 73.76, H 9.15; found, C 73.96, H 9.46 


There was no depression of the melting point on admixture with a syn- 
thetic specimen melting at 271-279°. The following melting points have 
been reported for this compound: 270-272° (14), 276-278° (30, 17), 277- 
279° (17). 

17a-Methyl-A*°-D-homoandrostenediol-3(8) ,17a(a)-one-17 Oxime—6.8 mg. 
of 17a-methyl-A*-D-homoandrostenediol-3(8),17a(a)-one-17 (m.p. 295°), 
40 mg. of hydroxylamine acetate, and 1.5 cc. of 90 per cent ethanol were 
heated under a reflux for 2 hours. The mixture was concentrated, diluted 
with an equal volume of water, brought to a boil, and placed in a 
refrigerator. The oxime was separated by centrifugation and washed 
with 30 per cent cold ethanol and repeatedly with water. Upon recrys- 
tallization from dilute ethanol rectangular plates were obtained which 
melted at 269-272° with decomposition. 


Analysis—Sample dried at 110° in vacuo 
CxaH;;NO;. Calculated, N 4.03; found, N 4.41 


A mixture with synthetic 17a-methyl-A®-D-homoandrostenediol-3(8) , 17a(a)- 
one-17 oxime (m.p. 266-274°, with decomposition) melted at 266-271°. Melt- 
ing points were found to be reproducible only within about +4°. The follow- 
ing have been recorded in the literature: 243-244° (14), 245-246° (21), 239° 
(20), and 263-265° (51). 

Oxidation of 8-3-Acetoxy-17a-methyl-A5-D-homoandrostenol-17a(a)-one-17 
(IIa); 8-3-Acetoxy-17-methyl-A*-etiobilienone-17-carboxrylic Acid-16 (IIIa) 
—2.6 mg. of bromine in 0.16 ce. of glacial acetic acid were added to a 
solution of 5.9 mg. of 17a-methyl-A®-D-homoandrostenediol-3(8),17a(a)- 
one-17 monoacetate (isolated from Ketones B) in 2.8 cc. of the same solvent. 
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The mixture, which became almost colorless, was treated with 1.6 mg. of 
chromium trioxide in 0.12 ec. of 90 per cent acetic acid. The reaction was 
allowed to proceed for 4.5 hours at room temperature (25° + 2°), when the 
excess of oxidant was reduced with 0.2 cc. of methanol. The solution was 
treated with 28 mg. of zinc dust and heated on a steam bath with stirring 
for 12 minutes. The insoluble material was removed by centrifugation and 
washed with ethanol (3 X 0.3 ec.) and with ether. The supernatant and 
washings were distributed between ether and water. The ether phase 
was thoroughly extracted with 6 per cent sodium carbonate solution. 
These extracts, which were promptly acidified with concentrated hydro- 
chloric acid, yielded a crystalline precipitate (2.3 mg.) which was separated 
and washed free of salt. The mother liquor and washings were extracted 
with ether. The ether phase, which was washed with water, concentrated, 
and freed of acetic acid in vacuo, yielded 2.8 mg. of a less pure product. 
Upon recrystallization from dilute methanol 2.3 mg. of colorless needles 
were obtained which melted at 152.5-153.5°. For analysis this product 
was combined with an identical preparation obtained by the oxidation 
of 2.4 mg. of the monoacetate (IIa) derived from Ketones A. 


Analysis—Sample dried at 110° in vacuo 
C2;H;,0;. Calculated, C 70.74, H 8.78; found, C 71.07, H 8.68 


A mixture of this product with a specimen of the acetoxy keto acid (IIa) 
(m.p. 152-153.5°), prepared in the same manner from synthetic starting 
material, melted at 152.5-153.5°. 

An unsuccessful attempt was made to effect the opening of Ring D also 
by treating 1.1 mg. of the isolated diolone (IIb) in 1.5 ce. of methanol at 
room temperature with 1.5 mg. of periodic acid in 0.15 ec. of water. After 
24 hours 1.1 mg. of neutral material were recovered. Its melting point 
after recrystallization was 284—294°. 

Preparation of 17a-Methyl-A*®-D-homoandrostenediol-3(8),17a(a)-one-17. 
Procedure 1—A*-Pregnenyne-20-diol-3(8),17(a@) (V) melting at 242-—245° 
was prepared from dehydroisoandrosterone (IVb) by the method of Stavely 
(21). The processing of the mother liquors was greatly facilitated by the 
removal of unchanged starting material with the aid of Girard’s reagent 
(25). The diol was converted into the diacetate (VI) according to the 
procedure of Ruzicka and Hofmann (25). The hydration of the triple 
bond according to Stavely (24) has been described by Shoppee and Prins 
(17). Reduction of the reaction time to 8 hours (32) was found not to be 
detrimental to the yield of substance VIIa (m.p. 190-193°). Hydrolysis 
of this substance was carried out according to Shoppee and Prins (17). 
The reaction product (IIb) which was recrystallized from ethanol melted 
at 296-302° with decomposition. The melting point was reproducible 
only within +3°. 
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Procedure 2—9 mg. of A*-pregnenediol-3(8),17(a)-one-20 3-monoacetate 
(VIIb)* and 1.5 ce. of 3 per cent methanolic potassium hydroxide solution 
were heated under a reflux for 15 minutes and treated with 0.4 cc. of water. 
The mixture was brought to a boil and placed in an ice chest. The crystal- 
line precipitate was collected, washed with water, and recrystallized from 
ethanol. This preparation melted at 292-297°. 

Preparation of B-3-Hydroxy-17-methyl-A°-etiobilienone-17-carboxylic Acid- 
16 (IIIb)—The preparation of this substance seemed desirable for the 
further characterization of the keto acid obtained in the degradation of 
substance IIa. 11.8 mg. of synthetic 6-3-acetoxy-17-methy]-A*-etiobi- 
lienone-17-carboxylic acid-16 were dissolved in 2.4 cc. of 3 per cent aqueous 
sodium hydroxide solution and kept at room temperature for 20 hours. 
An ether extract of the acidified solution yielded 10.4 mg. of a crystalline 
residue. The acid, which crystallized in fine needles from dilute acetone, 
melted at 208-210°. 


Analysis—Sample dried at 110° in vacuo 
C.,H30,;. Calculated, C 72.38, H 9.26; found, C 71.92, H 9.39 


5.9 mg. of the free acid were treated for 2 hours with 56 mg. of hydroxy!- 
amine acetate and 7 mg. of potassium acetate in 2 ec. of boiling 90 per cent 
ethanol. The oxime was precipitated by addition of water. It ecrystal- 
lized in needles from 95 per cent ethanol and melted at 271-275° with 
decomposition. 


Analysis—Sample dried at 110° in vacuo 
CaHy;NO,. Calculated, C 69.39, H 9.15; found, C 69.38, H 9.08 


Fractionation of Ketones B—The benzene-insoluble ketones were re- 
crystallized from ethanol. The prismatic crystals showed a constant 
melting point at 254-269°. At the time this was judged to be a mixture 
which could not be separated by this method. The crystals were combined, 
therefore, with their mother liquors and acetylated at room temperature 
with 2 ec. of acetic anhydride and 4 cc. of pyridine. The resulting acetates 
were dissolved in 5 ec. of benzene and passed through a column (8.4 X 0.8 
em.) of Brockmann’s aluminum oxide (preparation of Merck, Darmstadt). 
The adsorbed material was subjected to fractional elution as indicated in 
Table II. 

Isolation of 8-3-Acetoxy-A*-pregnenol-17(8)-one-20 (Jb)—This compound 
was isolated from Fractions B-2 to B-10 by recrystallization from methanol, 
acetone, or mixtures of benzene and petroleum ether. Fractions B-3 
and B-4 yielded 6.4 mg. of elongated plates melting at 219-231° and Frac- 
tions B-5 to B-10 furnished 6.5 mg. (m.p. 219-230°). 3.2 mg. of this 
substance melting at 219-227° were obtained from Fraction B-2 after 
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rechromatographing and recrystallization. The combined mother liquors 
yielded 9.1 mg. of platelets melting at 220—229°. 


Analysis—Sample dried at 80° in vacuo 
CyH;,0O,. Calculated, C 73.76, H 9.15; found, C 74.24, H 9.19 
Rotation—{a);, = —39° (c = 4 mg. per cc., in dioxane) 


A mixture of the isolated compound (m.p. 220—-229°) with synthetic 8-3- 
acetoxy-A®-pregnenol-17(8)-one-20 (m.p. 220-236°) melted at 220—229°. 


TaBLe II 
Chromatographic Analysis of Acetates of Ketones B 
a oie i 
. , Eluant Eluate 
Fraction 
No. (B) - ~ a ee ” a Scie 5 es ein : —— 
Volume | Com position Weight | Description or compounds isolated 
ce. | mg. | 
l 20 | Petroleum ether + benzene) 16.2 | Oil 
(50%) 
2 30 | Petroleum ether + benzene} 11.2 8-3-Acetoxy-A5-pregnenol- 
(50%) 17(8) -one-20 
3-4! 60 | Petroleum ether + benzene} 12.2 | B-3-Acetoxy-A*-pregnenol- 


| (50%) 17 (8) -one-20 
5- 9} 190 Petroleum ether + benzene; 12.8] | 8-3-Acetoxy-A‘-pregnenol- 
| (50%) 17 (8)-one-20 


10 5O | Petroleum ether + benzene) 0.6 8-3-Acetoxy-A*-pregnenol - 
(50%) |  17(8)-one-20 

11-12, 70 | Benzene | 2.8 | Crystalline 

13 | 80 | oo + ether (50%) 25.8 | 8-3-Acetoxy-17a-methyl-A‘- 
D-homoandrostenol-17a(a) - 

| one-17 

14-15 | 105 | Ether | 2.5 | Amorphous (?) solids 

16-17; 100 | ‘“ + acetone | 3.6 | Oils 

18 60 | Acetone 0.7 | Oil 

12.4 | 


19 60 | Methanol 


| Solid 


Another sample of the same mixture resolidified at 233° and melted at 
247°. A conversion of finely powdered specimens to higher melting prod- 
ucts has been described previously (29, 30). It was also noted with syn- 
thetic and isolated material. The following constants are recorded for the 
acetate: m.p. 231-233° (29), 234-235° (30); [a], = —40.9° + 1°, = —41.8° 
+ 2.5° (in dioxane) (30). 

A®-Pregnenediol-3(8) ,17(8)-one-20 (Ia)—3.3 mg. of potassium carbonate 
in 0.12 ce. of water were added to a solution of 9.1 mg. of isolated 6-3- 
acetoxy-A*-pregnenol-17(8)-one-20 in 4.7 cc. of methanol. The mixture 
was kept at room temperature for 48 hours and distributed between ether 
and water. The ether phase was washed with water and taken to dryness. 
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The residue, which was recrystallized from ethanol, yielded hexagonal 
plates melting at 259-272° with decomposition. The melting point could 
neither be raised nor sharpened by further recrystallization. 


Analysis—Sample dried at 110° in vacuo 
CH O0;. Caleulated, C 75.86, H 9.70; found, C 75.52, H 9.78 


One sample of a mixture with synthetic A*-pregnenediol-3(8), 17(8)-one-20 
(m.p. 256-272° with decomposition) melted at 259-277°; another became 
clear at 272°. The compound has been reported to melt at 270° or 271- 
273° with frequent conversion to long needles melting at 286° or 287° 
(29, 30). 

Oxidation of B-3-Acetoxy-A*-pregnenol-17(8)-one-20 (Ib)—17.3 mg. of 
isolated 8-3-acetoxy-A*-pregnenol-17(6)-one-20 in 2.5 cc. of glacial acetic 
acid were treated with 7.3 mg. of bromine in 0.3 cc. of the same sol- 
vent. After 5 minutes 9.3 mg. of chromium trioxide in 0.6 cc. of 90 
per cent acetic acid were added. The mixture, which was kept at room 
temperature (30-32°) for 23 hours, was treated with 0.3 cc. of methanol 
and then with 50 mg. of zine dust as described above. The solid phase 
was separated from the supernatant fluid, and washed with ethanol (3 X 
0.5 cc.) and with ether. These solutions were combined, diluted with 
ether, washed with water, sodium carbonate, and water, and taken to dry- 
ness. The crystalline residue weighed 13.8 mg., while the carbonate ex- 
tracts yielded 1.7 mg. of acidic material which was not investigated further. 
The neutral fraction was dissolved in 5 cc. of petroleum ether and chromato- 
graphed on a column (4.5 X 0.6 cm.) of alumina (Merck, Darmstadt). 
Traces of oil were obtained by washing with petroleum ether (25 cc.). 
Elution with a 4:1 mixture of petroleum ether and benzene yielded 7.5 mg. 
of needle-shaped crystals (Fractions d to g, 65 cc.) and 1.3 mg. of an ap- 
parently less pure product (Fraction h, 80 ec.). The fractions obtained 
with a 1:1 mixture of these solvents and with benzene did not crystallize. 
Fractions d to g were recrystallized from methanol. The melting point 
(165.5-169.5°) of this product (6.3 mg.) was raised to 168-170.5° by further 
recrystallization. A mixture with synthetic dehydroisoandrosterone ace- 
tate, melting at 169—170.5°, melted at 168—170.5°. 

The crystals were combined with their mother liquors and hydrolyzed 
with 8 mg. of sodium hydroxide in 1.2 ec. of aqueous methanol. The crude 
reaction product was dissolved in 0.84 ec. of warm pyridine containing 
5 per cent of benzoy! chloride and was kept at room temperature overnight. 
The resulting benzoate was only sparingly soluble in acetone and was re- 
crystallized twice from this solvent. The crystals melted at 255-258° 
and at 257-260° in mixture with authentic dehydroisoandrosterone ben- 
zoate melting at 257-260°. 
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Analysis—CxH20;. Calculated, H 8.22; found, 7.95 (the carbon analysis was lost 


by accident)*® 


Effect of Alumina on B-3-Acetory-A*-pregnenol-17(8)-one-20 (I1b)—2.3 mg. 
of the pregnenediolone acetate (Ib) were dissclved in 4 ec. of benzene which 
had been saturated with water. 95 mg. of alumina (Merck, Rahway) 
were added. The suspension, which was shaken occasionally, was kept 
at room temperature for 6 days and filtered through cotton. Washing with 
benzene (16 ec.), ether (20 ec.), and methanol (20 ce.) yielded 1.2, 0.3, 
and 0.7 mg. of residue, respectively. The first two fractions were colorless 
and produced a transitory purple color in the dinitrobenzene reaction. 
The absorption curves of the final pigments showed a shape very similar 
to that obtained with compound IIa. The two fractions were combined 
and recrystallized from dilute ethanol and from methanol. Lack of ma- 
terial prevented further recrystallization of this product, which melted at 
247-256°. 

Isolation of 8-3-Acetoxy-17a-methyl-A°-D-homoandrostenol-17 a(a)-one-17 
from Ketones B—Fraction B-13 was recrystallized repeatedly from ethanol. 


5.4 mg. of platelets melting at 263-269° were obtained. The mother 


liquors yielded an additional crop of 1.1 mg. While the melting point 
could not be raised to that of the product obtained from Ketones A, it 
showed no depression on admixture of this preparation. Furthermore, 
the two products gave identical curves in the dinitrobenzene reaction and 
yielded the same acid on oxidation. 

Dinitrobenzene Reaction—The m-dinitrobenzene was purified according 
to Callow ef al. (13). The reaction mixtures were prepared as described 
by Holtorff and Koch (9). They were kept in glass-stoppered tubes at 
25° + 0.2° for 105 minutes (52) and then diluted with 4 ec. (53) of a 2:1 
mixture of 95 per cent ethanol and water (54). Test and blank solution 
were transferred to 1 ecm. Corex cells and read against each other in a 
grating spectrophotometer (Cenco-Sheard). The band width was 17 my 
at the blue end and 12 my through the remainder of the spectrum. The 
light transmitted by the blank at 520 mu amounted to 79 to 83 per cent of 
that passing through an equal layer of water. The acetoxy group produces 
no color under these conditions, as a test solution prepared from 100 y of 
pregnanediol diacetate gave transmission values of 100 per cent of the blank 
at all wave-lengths. In order to compare the behavior of 3-ketosteroids 
with that of 8-3-acetoxy-17a-methyl-A*-D-homoandrostenol-17a(a)-one-17 
(mol. wt., 374.5) (Ila), 3-ketoallocholanic acid (mol. wt., 374.5) was tested 
at a level of 100 y per 0.2 ce. of alcohol. The purple color which formed 


* Analysis of benzoate recovered from the mother liquors (m.p. 252-256°) gave 


C 79.1; H 8.4 (ealeulated, C 79.55). 
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initially started to change to brown after approximately 11 minutes. The 
final product gave these extinction values: 0.35 (420 my), 0.28 (450 my), 
0.23 (470 mu), 0.21 (490 my), 0.16 (520 my), 0.12 (550 mu), and 0.07 
(590 my). 

SUMMARY 


The ketonic fraction of the urine of a boy with adrenocortical carcinoma 
has vielded dehydroisoandrosterone (315 mg. per liter), a-3-chloro-A°- 
androstenone-17 (7 mg. per liter), and two substances not previously ob- 
tained from natural sources. These have been identified as 17a-methyl-A*- 
D-homoandrostenediol-3(8) ,17a(a@)-one-17 (6.4 mg. per liter) and as 
A®-pregnenediol-3(8) ,17(8)-one-20 (5.3 mg. per liter of urine). 

The D-homosteroid is regarded as an artifact formed from the preg- 
nenediolone in the course of its isolation. The hypothesis has been ad- 
vanced that A*-pregnenediol-3(8) ,17(8)-one-20 and dehydroisoandroster- 
one are mutually interconvertible in the body. 

B-3-Acetoxy-A*-pregnenol-17(8)-one-20 and its 17-epimer can be dif- 
ferentiated by means of the dinitrobenzene color reaction. 

The preparation of 8-3-hydroxy-17-methy]-A*-etiobilienone-17-carboxylic 
acid-16 has been described. 


The authors want to express their sincere thanks to Dr. F. Harvie of 
the Department of Pediatrics, University of Pennsylvania, who had ar- 
ranged for the urine collections; to Professor T. Reichstein, Basel, for 
samples of A*-pregnenediol-3(8) ,17(8)-one-20 and its acetate; to Dr. 
Homer E. Stavely, The Squibb Institute for Medical Research, for a 
preparation of A°-pregnenediol-3(8),17(a)-one-20 acetate; to Dr. E. 
Schwenk, the Schering Corporation, for supplying us with the dehydroisoan- 
drosterone used in the preparation of the methylhomoandrostenediolone 
and of chloroandrostenone; to Dr. Margaret Daus, who performed the 
dinitrobenzene reactions; and to Mr. W. Saschek, Department of Bio- 
chemistry, Columbia University, for the microanalyses reported in this 
paper. 
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RESPIROMETER TECHNIQUE 
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A frequent criticism of the various microtechniques available for the 
measurement of small changes in gas volumes has been that mixing of two 
or more solutions at any desired time during the experiment is inconvenient 
orimpossible. This criticism does not apply to the instrument designed by 
Heatley ef al. (1) in which 2 drops, 1 containing a parafflin-coated steel 
sphere, may be mixed by magnetic means. Heatley’s apparatus, however, 
is from one-tenth to one-hundredth as sensitive as other methods employing 
the Cartesian diver technique (2) or the principle of moving drops in capil- 
laries (3). Boell, Koch, and Needham (4) have described a method for 
determining respiratory quotients by dumping acid in the divers, but the 
method has obvious limitations when substrates, inhibitors, ete., are added 
quantitatively. 

During studies on the respiratory metabolism of developing imaginal 
disks from Drosophila larvae (5), a need arose from techniques which would 
permit the addition of substrates and inhibitors at any desired times during 
an experiment. The present paper deals with procedures which make pos- 
sible the quantitative mixing of two or three solutions during an experi- 
mental run in the Cartesian diver. It is thus possible to duplicate, at a 
level of 0.001 the magnitude, essentially all experiments that may be done 
with the standard Warburg apparatus. Systems requiring a gas phase 
other than air have already been studied in the Cartesian diver by several 
workers (6-8). 


Methods 


The diver apparatus employed for these studies was of the usual design 
(9). The sodium nitrate-sodium chloride medium previously described 
(8, 9) was used in the flotation tubes of the apparatus. ‘The divers all had 
gas volumes when filled of about 12to1l4¢.mm. Their necks were 1.2 mm. 
in diameter. All the experiments were performed at 31.1°. A detailed 
description of general diver technique is to be found in an exhaustive review 
by Holter and Linderstrgm-Lang (9). 

In the present studies, the stand for holding the divers during filling (9) 
was modified by the addition of a mechanical stage which permitted small 
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horizontal movements of the divers to be made. Such a device is indis- 
pensable for the procedures to be outlined below. 

Principle of Mixing Procedure—By gradual application of pressure of 50 
to 200 cm. of Brodie’s solution to the Cartesian diver, properly placed rings 
of fluid in the paraffined neck may be made to move slowly downward. 
Small drops, adhering to the neck of the diver just below the ring, are quan- 
titatively engulfed. The resulting solution may be thoroughly mixed by 
alternating partial decrease with subsequent increase of pressure for three or 
four cycles. Upon slow release of pressure to atmospheric, the divers re- 
turn to their original density and subsequent chemical events may be 
reckoned from the base-line obtained before dumping. 


Experimental Procedure 


The necks of the divers are thinly coated with paraffin on the inside by 
inserting a snugly fitting copper wire which has previously been heated in a 
Bunsen flame, touched to a block of paraffin, and partially wiped with a 
piece of filter paper to remove the excess. Copper wire retains heat suffi- 
ciently well to keep the paraffin molten during the few seconds required for 
the introduction of the wire into, and the removal from, the diver neck. 
The paraffin coating is made uniform by warming the diver at some height 
above the flame and twirling, with the tail as a handle, until the paraffin 
has solidified. A very small amount is needed and may be disregarded in 
calculating the constant. 

Pipettes for adc .ng the neck rings and the drop in the bottom of the diver 
have been described elsewhere (9). For adding the small neck drops, a 
“braking” pipette (9) is used. This pipette is coated with paraffin for a 
short distance above and down to within a few tenths of a mm. of the tip 
to prevent the ejected fluid from running up the outside. These pipettes 
are roughly calibrated by sucking up, under a binocular microscope, a 
measured aliquot of water from a larger pipette delivered onto a paraffined 
surface. The pipette must first be rinsed with water to allow for liquid 
retained on its walls upon emptying. A more accurate estimation of the 
volume delivered by the pipette may now be obtained by titrating aliquots 
of strong acid with dilute alkali in a standard Rehberg burette with phenol- 
phthalein as indicator. This method of calibration is accurate to at least 
5 per cent as estimated from gas recoveries in the divers upon dumping 
sulfuric acid into measured amounts of bicarbonate. The calibrations are 
marked on the pipette with a fine thread of picene. In the present experi- 
ments, this pipette has a volume of 0.24 c.mm. 

When absorption of evolved carbon dioxide is desired, an aliquot of 0.1 to 
0.2 nN sodium hydroxide is first placed in the bottom of the diver with the 
usual type of pipette. Otherwise, water is used in a quantity sufficient to 
give the required gas volume when the other drops or rings have been added. 
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The adhering neck drop (or drops) is now placed with the pipette de- 
scribed above by racking up the diver (as in Fig. 1, A), gently ejecting 
the bulk of the contents of the pipette to form a drop on its tip, and bring- 
ing the drop into contact with the side of the neck at the desired height 
(Fig. 1, B) by fine adjustment of the mechanical stage on the diver holder. 
The rest of the pipette contents are now slowly blown out until only the 
very tip of the pipette contains fluid. The pipette tip should be fine 
enough so that a mild pressure is required to counterbalance capillary 
rise, but should have sufficient rigidity to prevent movements of the pipette 
due to capillary attraction between the pipette and the wall of the diver. 
While the pressure is maintained, the pipette is removed from the drop 












































Fic. 1. Successive steps in placing the neck drops and ring in the Cartesian divers 
For a description of these steps, see the text. 


with a quick downward movement of the diver. These operations should 
be carried out through a horizontal binocular microscope with good lighting. 

When desired, a second drop may now be placed slightly higher and on 
the opposite side of the neck (Tig. 1, C). 

The solution, to be subsequently mixed with the drops, is now placed 
as a ring a mm. or 2 above the last drop. Slightly more fluid than 
needed is pipetted out and the pipette is then plunged through the ring 
(Fig. 1, D). By applying slight suction to the pipette, the ring is made to 
move downward in the neck until it assumes a position (Fig. 1, #) near 
enough to the upper drop to facilitate mixing by a fairly low pressure during 
the subsequent run. The pipette is drawn back up through the ring, the 
gas is carefully ejected until the fluid contents have reached the tip, and 
the volume of the ring is adjusted according to protocol. The adjusting 
screws in the movable stage assembly are invaluable during these operations 
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in keeping the divers well centered about the pipette. Cruder methods of 
adjustment may result in loss of fluid pulled up between an improperly 
centered pipette and the neck of the diver. 

The diver is finally sealed with a ring of paraffin oil, and a “mouth seal” 
(9) of flotation medium to prevent serious loss of gas by diffusion if a long 
period of readings is planned. 

The diver may now be placed in the flotation tube with a pair of clean 
forceps or a long wire hook, and after a short equilibration (5 to 10 minutes) 
is ready for pressure readings. 

The drops in the neck are added, in turn, by increasing the pressure above 
the flotation medium. This is conveniently done by mouth pressure 
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Fic. 2. The evolution of carbon dioxide in the Cartesian divers upon the addition 
of neck rings of volumes 1.00 and 0.50 e.mm., respectively, of 0.0097 m sodium bi- 
carbonate to 0.24 c.mm. drops of 1.0 N sulfuric acid. The theoretical values are 


indicated by the dash line. 

Fia. 3. The addition, in turn, of substrate and inhibitor to succinoxidase in the 
Cartesian diver. The lower curve and upper curve are for divers containing enzyme 
alone and enzyme plus substrate, respectively. 


through a rubber tube leading to the manifold, although, when the hanging 
drops are close to the ring, adequate pressures may be attained with the 
manometer containing Brodie’s solution alone. The application of pressure 
must not be jerky, since this may cause small droplets of flotation medium 
to be jolted down into the oil seal, changing the equilibrium pressure. 
This is especially true when mouth seals of flotation medium are not used. 

At the end of the measuring period, the change in the gas content of 
each diver is calculated by multiplying the measured changes in pressure, 
corrected for changes in the thermobarometer diver, by the diver con- 
stant (9). 
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Applications 

The technique was first tested by mixing various sized rings of 0.0097 m 
bicarbonate with 0.24 e.mm. drops of 1 N sulfuric acid. The results of a 
typical experiment are plotted in Fig. 2. The measured evolution of 
carbon dioxide closely approaches the theoretical value after less than 10 
minutes in each case. 

To test the 2 drop arrangement, the inhibition of succinic oxidase by the 
antimalarial drug M-285 (2-hydroxy-3(2-methyloctyl)naphthaquinone-1, 
4) was studied. This drug has been found to inhibit the iron-catalyzed 
portion of respiration somewhere below cytochrome c.' 

A 1 ¢.mm. neck ring of a succinic oxidase preparation from rat heart, in 
0.1 m phosphate buffer at pH 7.4, was first added to 0.24 c.mm. of 0.2 
M succinate at pH 7.6. After a 30 minute measuring period (Fig. 3, 
middle curve) the 2nd 0.24 e.mm. drop containing M-288£, also in 0.1 m 
phosphate buffer at pH 7.4, was added. The drug was used in a concen- 
tration of 3 mg. per liter. The complete inhibition of oxygen uptake 
obtained at the final drug level (0.5 mg. per liter) confirms previous 
findings.! 

The lower curve in Fig. 3 represents oxygen uptake by 1.00 c.mm. of the 
succinoxidase preparation plus 0.24 c.mm. of phosphate buffer (0.1 M, 
pH 7.4). The upper curve shows oxygen consumption in a diver contain- 
ing 1.00 c.mm. of succinoxidase plus 0.24 e.mm. of 0.2 m succinate. In 
both of the divers, the enzyme was placed in the bottom of the diver bulb, 
the 0.24 c.mm. aliquot was added directly, and an oil seal was placed in 
the neck. 

The possibility that oxygen diffusion into the neck ring of succinoxidase 
might be inadequate was tested as follows: Two divers were filled with 
1.00 and 0.50 c.mm. of enzyme respectively, as a thin film in the bulb. 
The volume in the second diver was made up to 1.00 ¢c.mm. with 0.1 m 
phosphate buffer at pH 7.4. Two other divers each contained a 1.00 c.mm. 
neck ring of enzyme, one of the rings being at half the enzyme concentra- 
tion of the second. In all four divers, 0.24 c.mm. of 0.2 m succinate was 
added directly to the enzyme solution and the necks were sealed with 
paraffin oil as usual. 

Table I indicates that, even at a level of oxygen consumption of 0.1 
c.mm. per hour, diffusion of oxygen into the neck rings is nearly adequate 
as judged by a comparison of Divers 1 and 3. When the rate of oxygen 
utilization is reduced to one-half, it is clear that diffusion is not a limiting 
factor in the measured rate. 

The curves in Fig. 4 are from an experiment in which rings of acid were 
added to 0.24 e.mm. drops of sodium carbonate (39.3 mm per liter), the 
reverse of the procedure used in the experiments of Fig. 2. The theoretical 


' Ball, E. G., and Anfinsen, C. B., unpublished data. 
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value for the evolution of carbon dioxide is closely approached, indicating 
the accuracy of the pipette used for placing the neck drops. 


TABLE I 
Influence of Oxygen Diffusion into Neck Rings in Cartesian Diver on Rate of Oxygen 
Utilization by Succinoxidase at pH 7.4 



































j i | 
ae | Filling Rilution} Constant, x 10% | 4 per 
Pins 3 | c.mm 
l 1 ¢.mm. enzyme, undiluted, in bulb of diver 89 1.20 0.107 
2 0.50 ¢.mm. enzyme, undiluted, in bulb of diver 19 1.13 0.055 
+ 0.50 c.mm. 0.1 m phosphate buffer, pH 7.4 
3 1 ¢.mm. undiluted enzyme as neck ring 67 1.44 0.097 
4 1 ‘“ diluted enzyme (1:1) as neck ring 37 1.44 0.053 
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Fic. 4. The evolution of carbon dioxide in the Cartesian diver upon the addition 
of 1.00 c.mm. of 1.0 n sulfuric acid neck rings to 0.24 c.mm. drops of sodium carbonate, 
39.3 mm per liter. The theoretical value is indicated by the dash line. 


SUMMARY 


A method has been described which permits the quantitative addition, 
one at a time, of two solutions to a third in the Cartesian diver micro 
respirometer. This technique has been tested both for systems evolving 
gas and absorbing gas from the atmosphere in the divers. Results indicate 
that the over-all accuracy of the method is within 5 per cent. 
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IN PARTIALLY NEPHRECTOMIZED RATS* 
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Reports from this laboratory have shown that partial nephrectomy in 
rats influences lipide metabolism: the concentration of plasma lipides 
increases (1) and, on low protein diets, the deposition of lipides in the liver 
of these animals is less than that of intact animals (2). The present 
paper is concerned with the dietary factors which might influence the lipide 
content of the livers of partially nephrectomized rats. 


Methods 


Inbred male rats of the Wistar strain were fed a stock diet until they 
were 60 to 70 days of age. At this time, they were subjected to partial 
nephrectomy (3) by a two-stage operation which involved the surgical 
removal of about 85 per cent of the kidney. Groups of about ten animals 
were fed the experimental diets immediately after the second operation and 
were sacrificed after 14 days. The rats were kept in individual cages, and 
the daily food intakes were determined. A group of intact rats was pair- 
fed for each diet by feeding the average daily food intake of the partially 
nephrectomized group. 

The rats were sacrificed by exsanguination, and the liver was removed 
immediately and weighed. The whole liver was ground in a mortar with 
the aid of powdered glass and transferred to a flask with 100 ml. of 95 
per cent alcohol. The mixture was heated to boiling and filtered; the 
residue was reextracted with 50 ml. of hot aleohol and with 50 to 100 ml. of 
warm ethyl ether. The combined extracts were evaporated on a steam 
bath. The residue was extracted twice with 50 ml. portions of petro- 
leum ether. After evaporation, the residue represented the total lipides 
of the liver. All values are expressed as gm. of total lipides per 100 
gm. of wet liver. The standard error (¢) was calculated from the formula 


os a 
ga 8 
n(n — 1) 
where d is the deviation from the mean and n represents the number of 
individual livers analyzed. 


* This work was carried out with the aid of a grant from the Nutrition Foundation, 
Inc. 
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Experimental Diets—The twelve basic diets used are listed in Table I. 
They represent variations in the protein (casein) and fat (Crisco and 
Mazola) concentrations. Practically all these diets were fed to the ex- 
perimental animals with and without choline. In addition, they were 
modified by the addition of cystine or cholesterol (or both), methionine, 
or biotin, and by the omission or excessive feeding of individual vitamins. 
The sucrose concentration of the diet was varied when the above supple- 
ments were added. 





Composition of Diet Groups 


Diet 





Al0 B10 | C10 Dio; Ai8| B18) Ci8 |) DiS, A30) B30, C30 | D30 


TABLE | 
) 
: 


Casein (Labco) 10; 10 | 10 | 10 | 18 | 18 | 18 | 18 | 30 | 30 | 30 | 30 
Crisco 8 | 20 40 8 | 20 40 8 | 20 40 
Mazola | 20 20 20 

Sucrose...... 77 | 65 | 65 | 45 | 69 | 57 | 57 | 37 | 57 | 45 | 45 | 25 
Salt mixture*.. 41} 4/4] 4] 4] 4] 4] 4 { 4; 4) 4 
Riboflavin-inositolf . 7 1 1 l 1 | I 1 I l FR 


Vitamin mixture + cholinet. 


* Hubbell, R. B., Mendel, L. B., and Wakeman, A. J., J. Nutr., 14, 273 (1937). 

t Inositol (Abbott) 4.0, riboflavin (Merck) 0.1, sucrose 195.9. 

t The following amounts (mg.) were dissolved in 100 ml. of 20 per cent alcohol: 
thiamine (Hoffmann-La Roche) 20, vitamin K (S. M. A.) 4, pyridoxine (Merck) 20, 
p-aminobenzoic acid (Eastman) 50, nicotinic acid (Merck) 100, calcium pantothenate 
(Merck) 280, choline chloride (Merck) 5000. 1 ml. of this solution was added to each 


| 100 gm. of diet. 





Se 


tions of the livers of partially nephrectomized rats are always lower than 
those of the intact controls, a comparison for a given diet can best be made , 
by using the ratio 


| 1 
Results 
1 
The data for liver lipides of control and partially nephrectomized rats 
fed on Diet A10 (10 per cent casein and 8 per cent Crisco) plus a number 1 
of supplements are shown in Table II. Since the total lipide concentra- 
1. 


Liver lipide concentration in partial nephrectomy x 100 








Liver lipide concentration in control Li 


The liver lipide concentrations of partially nephrectomized rats ingesting rT 
the basal Diets 1 and 2, with and without choline, were 56 per cent of the 
control values of 8.4 and 11.0 gm. per cent, respectively. It should be - 
noted that the choline content of Diet 1 was not sufficient to prevent the 
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Total Liver Lipide of Control Intact (C.) and Partially Nephrectomized Rats (P.N.) Fed 
10 Per Cent Casein Diets (8 Per Cent Fat) Supplemented with Choline, 


Cho- 














No 7 Supplement 
diet 
gm. per 
cent 
1} + |None 
2 — | ei 
| 
| 
3/ + | 0.5 | Cystine 
4}; -— 0.5 = 
| 
5| + | 0.5 | Cholesterol 
6/ - 0.5 i 
7) + 2.0 
si; - 2.0 
9) +1] 0.5 Cystine + 
| 0.5 Cholesterol 
10; - 0.5 | Cystine + 
| 0.5 | Cholesterol 
11| + | 0.25 Cystine + 
| 0.5  Cholestero! 
12| - 0.25 Cystine + 
0.5 | Cholesterol 
13) + 0.5 | Cystine + 
| 0.25, Cholesterol 
14|/— | 0.5 Cystine + 
0.25 Cholesterol 
mg. per 
cet 
15 / 156 Methionine 
16) — |640 ee 


* Corrected for food not eaten. 





Cystine, Cholesterol, and Methionine (Basal Diet A10) 


No. 


} OF | 
rats 
| 


10 | 


10 
10 
10 
10 


10 


| 10 | 
10 | 


11 


10 | 


9 


10 c. 
6 |P 


6 


10 | 
10 | 
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X 100 


Total lipide 
(+ S.£.) 





Lipide P. N. 
Lipide C. 





| 





gm. per cent 


& 


4.7+0.1 
8.4 + 0.6 
6.2 + 0.2) 56 
11.0 + 1.4 
6.1 + 0.5) 33 
18.5 + 1.7 
14.6 + 2.6) 51 
28.5 + 2.0 
5.24 0.1) 51 
10.3 + 0.8 
7.8 + 0.7) 41 
19.0 + 1.0 
5.9 + 0.2) 74 
8.0 + 0.3 
9.2 + 0.8} 49 
18.7 + 1.7 
5.9 + 0.4) 45 
13.1 41.4 
21.8 + 3.0} 95 
23.0 + 2.1 
6.6 + 0.3) 54 
12.34 1.0 
20.9 + 1.7) 86 
24.2 + 2.5 
6.3 + 0.3} 59 
10.7 + 0.5 
20.1 + 2.6) 74 
27.2 + 2.2 





+ 0.3) 57 
+ 1.4) 
+ 0.1) 82 
+ 0.2 


~_— © 
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deposition of excess liver lipide in the intact animals. The addition of 
cystine to the basal diets has little effect on lipide concentration in the 
presence of choline (Diet 3) but causes a marked increase in lipide (14.6 
per cent) in the absence of choline (Diet 4). The values after partial 
nephrectomy are 33 and 51 per cent of those for the respective controls. 
The addition of cholesterol (Diets 5 to 8) causés comparatively little 
change in the liver lipide concentrations in partially nephrectomized 
animals. Supplements of both cystine and cholesterol in the absence of 
choline (Diets 10, 12, and 14) result in lipide concentrations of 21.8, 20.9, 
and 20.1 per cent in partially nephrectomized rats which are 95, 86, and 74 
per cent of the respective controls; choline is very effective in preventing 
these fatty livers (Diets 9, 11, and 13). 

Methionine was added to the choline-free 10 per cent casein basal diet so 
that its concentration was equivalent to that present in diets containing 18 
and 30 per cent casein (Diets 15 and 16). In the partially nephrectomized 
rats, the lipide concentrations of the methionine-fed animals were signi- 
ficantly greater than those of the choline-fed group (Diet 1). In control 
animals, comparatively large amounts of methionine are necessary to exert 
the lipotropic effect observed for the choline-containing basal diet. 

The liver lipide data, after feeding basal diets containing 10 per cent 
casein and varying amounts of fats (Groups B, C, and D), supplemented 
with choline, cystine, and cystine and cholesterol, are shown in Table III. 
The lipide concentrations for partially nephrectomized rats fed diets con- 
taining 20 per cent Crisco or Mazola and 40 per cent Crisco plus choline 
(Diets 17, 23, and 29) are 5.5, 5.9, and 6.7 per cent, respectively ; these values 
represent 32, 73, and 50 per cent of the respective controls. In the absence 
of choline, the lipide values for the partially nephrectomized rats fed the 
diets containing 20 and 40 per cent Crisco are increased to 10.4 and 12.8 
per cent, respectively; the lipide value (6.8 per cent) for the Mazola-con- 
taining diet is not appreciably elevated. The addition of cystine to the 
high fat diets (Diets 19, 15, and 31) causes a slight increase in the lipide 
values of the partially nephrectomized rats in the presence of choline; 
lipide concentrations of 24.0, 23.0, and 23.9 per cent are obtained for 
Groups B, C, and D in the absence of choline (Diets 20, 26, and 32). These 
are the highest values obtained in partially nephrectomized rats. Al- 
though the combination of a cystine and cholesterol supplement increases 
the lipide concentrations appreciably, the values are not as great as those 
seen when cystine alone was added. 

The liver lipide concentrations for diets containing 18 per cent casein, 
varying amounts of fat (8, 20, and 40 per cent), and supplements of cystine, 
cholesterol, and cystine and cholesterol are shown in Table IV. The lipide 
values of partially nephrectomized rats ingesting choline-containing diets 
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TaB_e III 


Total Liver Lipide of Control Intact (C.) and Partially Nephrectomized (P. N.) Rats 
Fed 10 Per Cent Casein Diets Containing 20 Per Cent and 40 Per Cent 
Fat Supplemented with Choline, Cystine, and Cholesterol 





















































eT | | $2 8 
| | | | Bg BE x 
| Cho- I @ _ it bas 

; |Group| line Supplement pot | yee |S) 33) Tetatlnide Ul 

Zz diet 3s] 8". vis 

3 | s*)36 23 

a PA 3\- 
| on | | gm. fer gm. per cent 

17/B10 | + None 10 |P. N. —2) 4.8} 5.5 40.2 | 32 
| | 9IC. —1) 4.8) 17.4 + 1.8 

1s/B10 | — | “ | | 9/P.N. | —4) 5.0] 10.4 + 0.9 | 55 
| | 10 C. +4] 4.9) 19.0 + 1.8 

191810 | + | 0.5 | Cystine | 7IP. N.|+121 6.2] 9.24 1.5 | 46 

| | gic. |+14] 6.1] 19.9 4 1.5 
201B10 | -|0.5 | “ | 7|P.N.| +1) 4.6) 24.0 + 1.4 |100 
| 9c. +2] 4.6] 23.9 + 2.3 
21/\B10 | + | 0.5 | “c+ | 8|P.N.| +5] 5.5] 8.2 + 0.7 
0.5 | Cholesterol | 
22/810 | — | 0.5 | Cystine + | 9} “ | 60} 4.9] 18.0 + 2.4 
0.5 Cholesterol | | 
231C10 | + |None 9} “ | +1) 4.8} 5.940.2 | 73 
sic. | +4] 4.8] 8140.5 
4/Cl0 |; -—| “ | 9/P.N.| +7) 5.1) 6.8240.4 | 44 
| 8\C. | +2) 5.1) 15.34 2.1 

25\C10 | + | 0.5 | Cystine | 9/P.N.| +6] 5.1] 10.4 + 1.0 

26/C10 | — | 0.5 “ }10| «| 41) 4.7] 23.0 + 1.4 

a7icio | + | 0.5 | Cystine + lio] « | 4614.4] 8340.6 

0.5 Cholesterol 
28iC10 | — | 0.5 | Cystine + 10| “ | 44] 4.0] 17.041.8 
0.5 | Cholesterol 
29/D10 | + [None 9} “ | —3! 3.4] 6.740.3 | 50 
10 |C. —7| 3.4] 13.4 4+ 1.0 
30/D10 | — | “ 9/P. N.| —8| 3.2] 12.8 +1.1 | 76 
10 |C. —8| 3.2] 16.8 + 0.9 
31/D10 | + | 0.5 | Cystine 10 |P. N. | +2] 4.3} 10.8 + 1.5 | 38 
| 10 |C. +9] 4.3) 28.1 41.5 

32\D10 | — | 0.5 a 10|P. N. | +3] 4.0} 23.9 + 1.5 

33|D10 | + | 0.5 . -*- 9; “ | +5) 3.2) 8.8 + 0.6 
0.5 | Cholesterol 

34/D10 | — | 0.5 | Cystine + 9] “ | —2! 3.31 17.842.3 
0.5 | Cholesterol 








without supplements varied from 4.9 to 6.4 per cent (Diets 35, 43, 47, and 


49). 


In the absence of choline, the values for these animals were 6.1, 

















Tasie IV 


Total Liver Lipide of Control Intact (C.) and Partially Nephrectomized (P.N.) Rats Fed 
18 Per Cent Casein Diets Containing Varying Amounts of Fat 
Supplemented with Choline, Cystine, and Cholesterol 














| | , |83 = 
#e| bs’. x 
| Cho-| No. | — 26 | as Total lipide Zz. 
g | Group| | Supplement of | opt z= se oe” |? 
Z | diet | rom #5) 5° 23 
2 = & % acl 
a mi Bs 7 oa alll 
| -. gm. ber gm. per cent 
35 |AI8 | + |None 19P.N.|+226.2) 4.940.1 | 88 
wc. |+146.0| 5.640.1 | 
36 Ais |-—| “ | 8iP.N. +1351) 6.140.2 | 49 
| | Wc. +116.0* 12.4 +4 1.0 
37 j|A18 + | 0.5 Cystine 9iP. N. $75.7 1.6 + 0.2 69 
1O\C. +-12/}6.7*, 6.7240.5 
as |AIS |-—|0.5 | “ 10P.N. 4114.4 5.740.3 | 46 
10.C. +2)4.4 | 12.34 1.6 
39 |AIS | + | 0.5 | Cholesterol 10/P.N. +106.0 5.3 40.1 | 88 
| 9C. 4175.4) 6.040.3 
40 |A18 — 10.5 | = 9iP.N.| +8/5.7 5.9+0.3 | 53 
| 10\C. +8)5.2t 11.2 + 0.8 
41 JAIS | + | 0.5 | Cystine + 9P.N./+13)5.2| 5.340.1 | 84 
0.5 | Cholesterol 1c. +10\5.2 | 6.34 0.2 
42 |A1I8 | — | 0.5 | Cystine + 1O/P.N./+12/5.1) 6040.5 | 54 
0.5 | Cholesterol QC. +10)5.1 | 11.0 & 1.7 
43 |B18 | + |None 1OiP.N.| 4514.5) 5.84 0.2 | 61 
10\C. +64.0¢ 9.54 0.7 | 
44 |BIS | —| “ 10\P.N. +8)5.4 |) 7.0+0.6 | 56 
lOiC. == - + 12)5.0F, 12.4 + 1.0 | 
| 45 |BIS | + | 0.5 | Cystine 10/P. N.'+19/5.5 | 5.84 0.3 | 69 
jC. =| +16/5.4 | 8440.3 
46 |BIS | — | 0.5 " 9/P.N.|+15/4.7 | 8.624 1.3 | 54 
9/C. +12)4.8t) 15.8 + 1.5 | 
47 |C18 | + [None | 11/P. N. |+22)5.8 | 5.44 1.4 | 32 
SC. |413/4.3f) 16.9 + 1.2 | 
48 |C1I8 | —| “ 10/P. N. |+16/5.2 | 6.340.2 | 44 
| 101C. +9)4.9¢ 14.4 4 1.7 | 
49|IDIS |} +] “ | SiP.N. 4+8/4.0) 6.440.2 | 65 
9IC, +2/4.0 9.9+0.9 | 
50 |/DI8|-— | “ | 10/\P. NN. +9/4.2 | 12.3 41.1 | 79 
gC. —1/4.2 | 15.6 1.1 | 
51 |/D18 | + | 0.5 | Cystine 10/P. N. |+19/4.7 | 8.94 1.1 | 87 
| 10.C. 4114.6 10.2 + 0.6 
52 |D18 | — | 0.5 10|P. N. +15)4.2 12.6 + 1.6 | 57 
| 1c. +8/3.4¢ 22.2 4+ 1.5 | 


* Not pair-fed. 
t Corrected for food left. 
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7.0, and 6.3 per cent on the 8 and 20 per cent Crisco- and 20 per cent 
Mazola-containing diets (Nos. 36, 44, and 48); the 40 per cent Crisco- 
containing diet (No. 50) caused a marked deposition of lipide (12.3 per cent). 
The lipide values for the intact animals are always higher than those of the 
partially nephrectomized rats. The values for the control Mazola group 
(Diet 47) are unusually high and may be accounted for by the low food 
intake. 

The cystine supplement caused no marked lipide deposition in any of the 
partially nephrectomized animals. The increased protein concentration 
prevented any appreciable increases in the values of the intact controls on 
the 8 per cent Crisco groups supplemented by cystine, cholesterol, and 
cystine and cholesterol. 

The liver lipide values of partially nephrectomized and control rats 
which ingested basic diets containing 30 per cent casein, varying amounts 
of fat, and supplements are shown in Table V. All values range between 
4.6 and 8.2 per cent with the exception of the group ingesting a choline- 
free 40 per cent Crisco diet. This high level of casein is extremely ef- 
fective in exerting a lipotropic action. The values for the partially nephree- 
tomized rats are considerably lower than those for the controls. 

The effects of feeding a basic 10 per cent casein diet, altered by either 
supplementing it with excessive amounts of a given vitamin or eliminating 
a vitamin on the liver lipides, are shown in Table VI. Slight, but statis- 
tically significant, increases are evident for partially nephrectomized groups 
ingesting the following diets: (a) excessive nicotinic acid and no nicotinic 
acid in the presence of choline (Diets 80 and 82) and (b) excessive calcium 
pantothenate in the absence of choline (Diet 84). Appreciable increases 
are seen for the control groups ingesting excessive amounts of pyridoxine, 
nicotinic acid, and calcium pantothenate in the absence of choline (Diets 
75, 81, and 84). A small but significant decrease is obtained in the con- 
trols when pyridoxine is omitted (Diet 76). Excessive choline (Diet 70) 
has no effect on the partially nephrectomized group but decreases the values 
for the controls significantly. 

The data for control and partially nephrectomized rats fed diets showing 
variation in inositol and biotin are shown in Table VII. The liver lipide 
concentrations of the intact and partially nephrectomized rats do not vary 
from the control values (Diets 1 and 2) after adding excessive amounts of 
inositol to the diets (Nos. 89 and 90); its omission from the diet results in a 
slight increase in the value for the partially nephrectomized rat and a 
decrease in the controls (Diet 91). The addition of biotin to basal diets 
has no appreciable effect on the liver lipide concentration of partially 
nephrectomized rats. 
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DISCUSSION 


After unilateral and bilateral nephrectomy, ureteral ligation and poison- 
ing with nephrotoxic substances, a number of investigators (4) have shown 


TABLE V 


Total Liver Lipide of Control Intact (C.) and Partially Nephrectomized (P.N.) Rats Fed 
30 Per Cent Casein Diets Containing Varying Amounts of Fat 
Supplemented with Choline, Cystine, and Cholesterol 





56 
57 
59 


60 





| that the serum lipides are increased. 


53 |A30 


54 |A30 
55 A 30 


A30 


1A30 


A30 
A30 
61 |A30 


B30 
B30 
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Supplement 

end | 
| gm. per 

cent | 
None 

“ 

0.5 | Cystine 
10.5 | = 
| 
10.5 Cholesterol 
} 0.5 ae 
eee 
| 0.5 Cystine + 
| 0.5 | Cholesterol 
0.5 | Cystine + 
| 0.5 | Cholesterol 

1.0 | Cystine + 
0.5 Cholesterol 
None 

0.5 | Cystine 
0.5 ° 
‘None 








| 
| 


| 


Type 
of rat 





9/C. 





10/C 


10/C. 


10/P. N. 
10\C. 


.. +16 


415 


10/P. N. 


10\P. N. 


Weight change 


per 100 gm. 


gm. 





+7 
+7 
+4 
+6 
+6 
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| 
Sow ¢ 


+16) 
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+11) 
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+13) 
+11 
+11 
+11 
+11 
+8 
+4) 
+9) 
+7] 
+12 
+8 
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| been presented in partially nephrectomized rats (1, 2). 











<5 |5 
aE . 
eo, — ,| ; 
23 "Sap el 
3 a 
on. = 
per gm. per cent 
day 
5.0/ 4.640.1 | s4 
4.9) 5.5+0.1 
3.7] 4.640.2 
5.0] 5.2 + 0.4 | 78 
4.8) 6.7+40.2 
4.71 5.4401 | 76 
4.7) 7,140.2 | 
4.7| 5.740.2 | 73 
4.6 7.840.3 | 
5.5] 5.540.5 | 73 
4.6] 7.54 0.2 | 
5.9) 5.42+0.3 | 90 
5.5) 6.02+0.3 
5.7] 5.740.4 | 72 
5.7| 7.9+0.2 
4.9] 5.740.2 | 92 
4.9) 6.240.3 
5.2) 5.2+40.1 
4.9) 5.24+0.1 
3.44 5.34 0.2 
45) 4.9401 
4.7} 5.5240.1 | 76 
4.6] 7.240.3 | 
4.0) 5.5 + 0.2 | 67 
4.0) 8.24+0.3 | 
3.4, 6.5 40.2 | 84 
|3.5) 7.740.2 
3.8} 7.0+0.3 | 60 
3.7) 11.6 41.1 


Evidence of lipide disturbance has 
It is felt that lipide 
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TaBLe VI 
Total Liver Lipide of Control Intact (C.) and Partially Nephrectomized (P.N.) Rats 
Fed 10 Per Cent Casein Diets in Which a Vitamin Was 

Omitted or Fed in Excess 


13 














| | . \=3 g 
we. | So x 
Cho- 7 = & Be 1 
Diet Group _ Supplement ‘ot of vat bs 32 “= ty mi 
diet #e a”. | g3 
2 36 23 
gm. | a gm. per cent 
day 
1 |AlO + | None |} 10 P.N.| 426.2) 4.740.1 | 56 
| 10 C. +35.9 8.44 0.6 
2 \Al0 — | | 20 |P.N.| —15.5| 6.2+40.2 
9 C. —25.1 | 11.04 1.4 
70 |Al0O | + | 3 X normal choline . ie. ee —24.5 | 5.34 0.2 {100 
| 9 |C. —-55.0' 5340.1 
71 |AlO | +{|5*xX thiamine 13 |P.N.| +56.3 | 5.1 41.2 | 75 
| | (15 C. +117.6*| 6.8 + 0.4 
72 |Al0 | -—-|5x “ 10 PLN.) —14.9) 6.64 0.6 | 41 
| | sc. 04.9 16.1 41.5 
73 AlO0 + | No thiamine 11 |P.N.| +46.0] 5.4240.2 | 73 
17 C. +66.1% 74406 
74 |AlO | + | 5 X normal pyridoxine 14 |P.N.| —2)5.6| 5.7240.3 | 86 
10 |C. +95.6| 6.6+40.3 
75 |Al0 | -—-|5x “ on 10 P.N.| —25.3 | 7.624 0.6 | 45 
10 C. +45.17) 17.0 + 0.7 
76 AlO + | No pyridoxine 15 P.N.| -124.3| 4.640.1 | 76 
| 10 C. —34.3| 6140.2 
77 \AlO + | 5X normal p-aminobenzoic | 9 P.N.| —84.7 |) 5.340.2 | 68 
| acid }10|C. | +4/4.8| 8440.3 
78 |AlO | — | 5 X normal p-aminobenzoic | 9 |P.N. | +155.7 7.5 40.6 | 57 
acid | 10 C. +6/5.6f) 13.1 + 1.4 
79 |Al0 | + | No p-aminobenzoie acid | 9 |P.N. 05.7 | 4.94 0.2 | 66 
| 8|C. | +4/4.7t) 7.40.4 
80 |Al0 | + | 5 X nicotinic acid 8 |P.N.| —1/5.2| 5.8240.1 | 72 
| | 9|C. | O.1) 8140.3 
81 |Al0 | — | 5X “ ” | 9 P.N.| 04.9] 6.9 + 0.6 | 39 
(10 |C. | +3)4.7¢) 17.7 + 1.7 
82 |Al0 | + | No “s ” | 7 |P.N. | —1)5.3 6.0 + 0.3 | 74 
| 10 Cc. | +4/5.3 8.1+ 0.4 
83 |Al0 | + | 5 X Ca pantothenate | 8 |P.N. | —1/4.8 | 5.440.2 | 5 
| | | 9\C. —24.8 | 10.5 + 0.8 
8 |Al0 | — | 5x “ ” | 9|P.N.| —34.3] 9.6 41.2 | 47 
10 C. | +2/4.2t) 20.4 + 1.3 
8 |Al0 | +|No “ " 9 P.N.| —65.6| 5.2+40.1 | 74 
| 10 'c. | 455.6] 7.0+0.4 | 





* Not pair-fed. 
t Corrected for food left. 
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Tas_e VI—Concluded 


| » |= 
. j ag | 88 
a Group — Supplement ‘a clype -_ 43 
diet rats ch =- 
s* |3e 
om 
gm 
om | Sey 
86 |Al0 | + | 5 &X riboflavin 14 |P.N. 05.6 
10 (C. +35.7 
87 |Al0 — | 5X = 10 |P.N. +14.8 
10 C. +14.7f 
88 (Al0 + | No ™ 10 |P. N. —25.3 | 
9 IC. —34.8 


TaB_e VII 


| 


Total lipide 
(+ S.£.) 


gm. per cent 


13+ 0.1 
7.9 + 0.3 
6.3 + 0.4 
14.1 + 1.1 
5.3 + 0.4 
7.44 0.2 


Total Liver Lipide of Control Intact (C.) and Partially Nephrectomized (P. N.) 
Fed 10 Per Cent Casein Diets Supplemented with Choline, 


Inositol, and Biotin 


; | Cho- No. . Weight 

+ Group _ Supplement = Type per 100 

diet ats gm. rat 

gm. 

89 |Al0 | + | 5 X inositol 15 |P. N. +2 

| 10 C. +6 

90 |Al0 — 5 X ‘i 9 |P.N. —6 

10 C. —6 

91 |Al0 | + | No ia 8'iP.N.| +7 

7 wic. | +11 

92 |A10 | + | 0.1 mg. % biotin 9 |P.N.| —4 

No inositol 9 iC. +] 

93 |A1l0 > — | 0.1 mg. % biotin 10 |P. N. +5 

No inositol 9 IC. 0 

94 |A10 | + | 0.2 mg. % biotin 10 |P.N.| —2 

| No inositol 10 (C. +4 

95 |Al0 | — | 0.2 mg. % biotin 10 |P.N.;| -2 

No inositol 8 jC. —4 

96 A10 | + | 0.1 mg. % biotin 9 |P.N.| —4 
5 X inositol 

97 |Al0 | — | 0.1 mg. % biotin 10 |P. N. —9 


5 X inositol 


The biotin was obtained from Merck and Company, Inc. 
* Not pair-fed. 
t Corrected for food left. 
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Food intake per 100| 


gm. body weight | 
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Total lipide 
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gm. per cent 


0+ 0.2 
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+ 0. 
+ 0. 
+ 0. 
+ 0. 
9+ 0. 
19.5 + 1. 
5.0 + 0. 


>“) Gr 


_ 
a 
_— 


oor Gr 7) 
wn 10 


2 bo o 
ee i | 


sj sj 


ne Ot 


a 5 
—-— — & 


6.6 + 0. 
16.5 + 1. 
4.6 + 0. 


“Io 


bo 


io | 


5.9 + 0. 


| 


X 100 


Lipide P. N. 
Lipide C 


‘54 


Rats 


Lipide P. N. 


— X 100 


Lipide C. 


69 


67 


41 


46 


40 








re 


ee ee ee 


Ss co wma we oO OF 





—_- Se 


—---—- we 





S. LUDEWIG AND A. CHANUTIN 45 


analyses after bilateral nephrectomy and ureteral ligation involve factors 
concerned with acute trauma which may influence the results. Un- 
published experiments indicate that a variety of injuries produced by phys- 
ical and chemical methods increases the cholesterol and phospholipide 
concentrations of serum. 

The present investigation indicates that renal insufficiency produced by 
subtotal nephrectomy affects lipide metabolism. The total lipide con- 
centrations of the livers of partially nephrectomized rats are usually less 
than those of control animals. This relationship is graphically shown in 
Fig. 1, where the lipide concentrations of the respective experimental and 
control values are plotted for all diets. It can be seen that practically all 
the values for the partially nephrectomized rats lie within a range of 4 to 
10 per cent, while the corresponding controls fall between 5 and 21 per cent. 
In general, as the lipide concentrations of the controls increase, the dif- 
ference between the values of the control and partially nephrectomized 
rats becomes greater. From these data, the concentration of liver lipides 
of partially nephrectomized rats can be estimated if the control value for a 
given diet is known. In a few groups, the lipide concentrations of the 
partially nephrectomized and control animals are extremely high and ap- 
proximately the same. These latter groups ingested choline-free, low 
protein diets supplemented with cystine or cystine and cholesterol and are 
represented by Symbols I to VI in Fig. 1. 

Practically all groups were pair-fed and the differences in weight between 
partially nephrectomized and control rats for each diet during the 14 day 
period of observation were very small. Therefore, any difference in liver 
lipide values cannot be attributed to the influence of food ingestion or 
growth. 

The lipotropic effects of casein-containing diets in the absence of choline 
are presented in Fig. 2. It is obvious that the concentrations of the liver 
lipides are greatest in the 10 per cent casein and smallest in the 30 per cent 
casein control groups. The partially nephrectomized animals also respond 
readily to the lipotropic factors in protein. The data for partially nephrec- 
tomized animals on diets supplemented with cholesterol, cystine and 
cholesterol, or cystine show that a minimum lipide level is reached with 
the 18 per cent casein-containing diets. These results are interesting when 
compared with the data for these same diets without supplements; the 
lowest concentrations are reached with the 30 per cent casein diets. 

A low protein, choline-free diet containing the methionine equivalent 
of an 18 per cent casein diet exerts the same lipotropic effect in control and 
partially nephrectomized rats as a diet containing 18 per cent casein. The 
30 per cent casein diet exerts a greater lipotropic effect in partially nephrec- 
tomized rats than the methionine equivalent added to a 10 per cent basal 
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Fic. 1. A comparison of liver lipides, in gm. per cent, in partially nephrectomized 
and pair-fed intact control rats. Symbols I, II, III, IV, V, and VI represent Diets 
31, 4, 14, 12, 10, and 20, respectively. 
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Fic. 2. A summary of the liver lipide concentrations in control and partially 
nephrectomized rats maintained on choline-free diets. 
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diet. Beveridge, Lucas, and O’Grady (5) have described a similar superior 
lipotropic effect for a 30 per cent casein diet in intact animals. 

Cystine was the most effective single supplement when added to a 
choline-free diet in increasing the total liver lipide concentration of partially 
nephrectomized and intact control rats. The addition of fats or cholesterol 
or both to cystine-containing diets did not significantly change the lipide 
content. Increased concentrations of casein in the diets exerted lipotropic 
effects regardless of the type of supplements added. 

Both Engel (6) and Beveridge and Lucas (7) showed that corn oil 
(Mazola) could influence the lipotropic effect of choline. The liver lipide 
concentrations in partially nephrectomized rats ingesting choline-con- 
taining basal diets with 20 per cent Crisco or Mazola were the same; in 
the absence of choline the lipide concentration in the 10 per cent basal diet 
is significantly less in the Mazola than in the Crisco group. The mean 
value for the intact rats ingesting the 10 per cent basal diet plus choline 
and 20 per cent Mazola is markedly lower than for a similar diet containing 
Crisco. Additional protein (18 per cent casein) in choline-high Crisco diets 
decreases the lipide concentration in intact animals; the value for the 
Mazola group is markedly greater. The significance of these unusual 
effects of corn oil is difficult to interpret. 

Excessive feeding of pyridoxine, nicotinic acid, and calcium pantothenate 
in the absence of choline in intact rats results in the deposition of excessive 
amounts of liver lipide. In partially nephrectomized rats, the omission or 
excessive ingestion of single vitamins in the diet has no appreciable effect on 
the concentration of liver lipides. 


SUMMARY 


Evidence is presented to show that lipide metabolism is disturbed after 
experimental production of renal insufficiency by subtotal nephrectomy in 
rats. The total lipide concentrations of the livers of partially nephrecto- 
mized animals are lower than those of pair-fed intact rats. This was shown 
for a large variety of diets containing varying amounts of (a) casein, (b) 
hydrogenated fat, (c) corn oil, (d) cystine, (e) cholesterol, (f) vitamins, and 
(g) methionine in the presence or absence of choline. 
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0, | BIOCHEMICAL TRANSFORMATIONS AS DETERMINED BY 
COMPETITIVE ANALOGUE-METABOLITE GROWTH 
0S INHIBITIONS 

V. PREVENTION OF TYROSINE SYNTHESIS BY 


8-2-THIEN YLALANINE 


By ERNEST BEERSTECHER, Jr., anv WILLIAM SHIVE 


(From the Clayton Biochemical Institute and the Depariment of Chemistry, 
The University of Texas, Austin) 


(Received for publication, September 20, 1946) 


It has been known since the early work of Embden and Baldes (1) that 
phenylalanine is a precursor of tyrosine in biological systems. There has 
been, however, considerable discussion as to the mechanism of this con- 
version. Embden and Baldes proposed that the oxidation began in the 

phenyl nucleus and the conversion did not, for the most part, involve 
phenylpyruvie acid. Shambaugh, Lewis, and Tourtellotte (2), however, 
questioned this hypothesis and presented evidence indicating that the 
first step in the conversion consisted in oxidative deamination of the 
phenylalanine to form phenylpyruvic acid. It has been suggested that 
alternative routes for this oxidation may exist (3). While much interest 
has centered around other pathways of phenylalanine metabolism (4-7), 
little has since been done to clarify further the exact mechanism involved 
in the oxidation of phenylalanine to tyrosine. Moss and Schoenheimer (8) 
have clearly shown that phenylalanine is readily converted to tyrosine in 
} the rat and point out that the conversion is probably irreversible. 

In the present investigation, the theory and techniques of inhibition 
analysis (9-11) have been applied to the prevention by tyrosine of the 
growth inhibition of Escherichia coli caused by 8-2-thienylalanine (11, 12). 
Evidence is presented which indicates that in this organism phenylalanine 
is converted by an essentially irreversible process to tyrosine by direct 
oxidation without involvement of phenylpyruvic acid. 


EXPERIMENTAL 


Testing Methods—The testing methods have been previously described 
(11). The dl-8-2-thienylalanine used in these experiments was supplied 
through the courtesy of Dr. Vincent du Vigneaud (12). The sources of 
other materials have been previously described (11). 

Results—As shown in Table I, 8-2-thienylalanine competitively inhibited 
| the functioning of phenylalanine, resulting in an antibacterial index (13) 
of approximately 100 under the testing conditions. /-Tyrosine at a con- 
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centration of 10 y per 10 cc. of medium prevented completely the toxicity 
of 8-2-thienylalanine in the concentrations studied. 

In separate experiments with Escherichia coli, tyrosine was found to be 
completely ineffective in reversing the toxicity of 8-hydroxyphenylalanine 
which was competitively prevented by phenylalanine, the antibacterial 


TABLE I 
Effect of Tyrosine on Toxicity of 8-2-Thienylalanine 
Test organism, Escherichia coli; incubated 16 hours at 37°. 


Galvanometer readings* 


dl-8-2-Thienylalanine di-Phenylalanine . 
Without, added /-tyrosine W “iron  pteeee 
y per 10 cc y per 10 cc. 
0 0 51.0 50.0 
3 0 51.0 50.5 
10 0 15.0 51.0 
30 0 6.0 49.0 
100 0 4.0 50.0 
300 0 43.0 
1000 0 43.0 
0 l 52.0 
10 l 47.0 
30 1 21.0 
100 l 4.0 
0 3 53.0 
100 3 45.0 
300 3 11.0 
1000 3 5.0 
0 10 52.0 
100 10 45.0 
300 10 30.0 
1000 10 3.5 
Antibacterial index......... .. 100 Ca. > 10,000 


* A measure of culture turbidity; distilled water reads 0, an opaque object 100. 


index being approximately 1000. Phenylpyruvic acid showed no ability 
to prevent the toxicity of either 6-hydroxyphenylalanine or 6-2-thienyl- 
alanine for Escherichia colt. 


DISCUSSION 


Regarding the mechanism of competitive analogue-metabolite growth 
inhibition and its utilization in elucidation of biochemical transformation in 
growing organisms, it has been proposed (9) that the antibacterial index 
is a function of the inhibited enzyme system which is the limiting process 





} 








ot 
be 
eff 
ty 


to: 
to 
Ph 
als 


col 
ph 


wil 











hk. BEERSTECHER, JR., AND W. SHIVE ol 


for growth, and it was also proposed that the addition of the product of 
this specific limiting enzyme system to the organism in excess of growth 
requirements either completely prevents the toxicity of the analogue at 
any concentration or results in a higher antibacterial index which is a 
function of another enzyme system for which the analogue and metabolite 
compete. 

The prevention of the toxicity of 8-2-thienylalanine by /-tyrosine cor- 
responds to the addition of the product of the inhibited enzyme system. 
g-2-Thienylalanine competes with phenylalanine for the system which 
oxidizes phenylalanine to tyrosine. The addition of tyrosine in excess of 
growth requirements completely prevents the toxicity of 8-2-thienylalanine 
at concentrations studied. 

Although a precursor of a metabolite may in some cases be more active 
than the metabolite in preventing the toxicity of an analogue (14), such is 
not the usual case; so the greater activity of tyrosine compared with 
phenylalanine in preventing the toxicity of 8-2-thienylalanine indicates 
that tyrosine has an effect other than production of phenylalanine. Since 
it was found that tyrosine has no effect on the toxicity of 8-hydroxyphenyl- 
alanine, tyrosine must apparently be the product of phenylalanine in the 
process blocked by §-2-thienylalanine, and 8-hydroxyphenylalanine must 
block the conversion of phenylalanine to yet another product. Further- 
more, if the conversion of phenylalanine to tyrosine were a reversible proc- 
ess in Escherichia coli, tyrosine would still be expected to reverse 6-hy- 
droxyphenylalanine by the production of some phenylalanine. Since this 
is not the case, the process must be essentially an irreversible one. 

If 8-2-thienylalanine competes with phenylalanine for an enzyme system 
other than the one which produces tyrosine, the antibacterial index would 
be greater than 10,000. It appears, therefore, that 8-2-thienylalanine 
effectively inhibits only one function of phenylalanine, its oxidation to 
tyrosine. 

Since phenylpyruvic acid is completely ineffective in preventing the 
toxicity of 8-2-thienylalanine, the oxidation of phenylalanine appears 
to proceed directly without involvement of the keto acid as an intermediate. 
Phenylpyruvie acid also does not affect the toxicity of 8-hydroxyphenyl- 
alanine. 


SUMMARY 


Evidence is presented to show that in Escherichia coli phenylalanine is 
converted to tyrosine in an essentially irreversible direct oxidation of the 
phenyl nucleus. §8-2-Thienylalanine prevents the oxidation by competing 
with phenylalanine for an enzyme involved in the oxidation. 
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SOME BIOLOGICAL PROPERTIES OF PYO II* 


By IBERT C. WELLS, EDWIN E. HAYS, NELSON J. WADE, W. L. GABY, 
C. J. CARROLL, L. R. JONES, anp EDWARD A. DOISY 


(From the Departments of Biological Chemistry, Biology, and Bacteriology, St. Louis 
University School of Medicine, St. Louis) 


(Received for publication, October 21, 1946) 


The isolation of some antibiotic substances produced by Pseudomonas 
aeruginosa has recently been reported by us (1). At that time we were able 
to present only a few preliminary studies concerning the toxicity of these 
compounds because of lack of material. However, as our supply of these 
substances increased, studies were undertaken to determine the toxicity, 
therapeutic values, and other biological properties of the most active (in 
vitro) of the Pyo compounds, Pyo II. Since the supply of Pyo IT was 
limited, our data are not as extensive as desired, but, nevertheless, they 
are useful in a biological characterization of Pyo II. 

A number of the earlier workers have reported on the hemolytic prop- 
erties of extracts of pyocyaneus culture filtrates or of the organisms, 
but unfortunately, their studies were conducted either on relatively impure 
products (2, 3) or upon isolated but incompletely characterized products 
(4-6). The isolation and characterization of the Pyo compounds (1) 
afforded an opportunity to study their hemolytic action. Since Pyo 
II does not cause hemolysis of rabbit erythrocytes, it is highly improbable 
that the products previously isolated but uncharacterized are identical 
with it. Since extracts of Pseudomonas aeruginosa contain free fatty 
acids, it seems likely that the previously observed hemolysis was due to 
these fatty acids or their salts. 

Toxicity of Pyo II—A solution of Pyo II (1.0 mg. per ml.) in 0.2 per 
cent sodium carbonate was injected intraperitoneally into mice whose 
weight varied from 25 to 30 gm. With single injections of 0.5 mg., one of 
fifteen mice died. The administration of 0.75 mg. in this manner killed 
fifteen of sixteen mice in 10 to 15 minutes. 

Seven mice were given a total of 2.0 mg. in four injections of 0.5 mg. 
each at intervals of approximately 1 hour; all survived. This indicates 
that Pyo II is metabolized, secreted, or otherwise disposed of at a rapid 
rate. 


* The work described in this paper was done under a contract, recommended by 
the Committee on Medical Research, between the Office of Scientific Research and 
Development and St. Louis University. 
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The effect of Pyo LI dissolved in mouse fat was also studied. Of ten 
mice injected intraperitoneally with single 2.5 mg. doses, six died within 
24 hours. It was found that smaller doses administered in this way were 
not lethal. 

Hemolytic Properties of Pyo II—The tests for hemolysis were conducted 
by mixing 0.1 ml. of a 5 per cent suspension of washed rabbit erythrocytes 
with 0.9 ml. of the solution of the substance being tested. The samples 
were then incubated at 38° for 1 hour, cooled in a refrigerator, and the 
results recorded. 

Preliminary experiments at pH 8.5 with a 0.9 per cent sodium chloride 
solution which contained 0.1 mg. of Pyo II per ml. indicated that this 
Pyo compound is not active in producing hemolysis of red blood cells. 
Under similar conditions hemolysis occurred in a solution in which the 
Pyo II was replaced by sodium oleate in a concentration of 0.01 mg. per 
ml. 

To minimize the réle of any adverse osmotic pressure effects and to 
obtain more concentrated solutions of Pyo II, another series of experiments 
was conducted in which the Pyo II was dissolved in 0.155 m sodium hy- 
droxide and the pH of the solution reduced to 8.5 with 0.155 m hydrochloric 
acid. This solution was then diluted with 0.155 m sodium chloride (0.9 
per cent) to produce solutions which contained 1.0 mg. or less of Pyo 
II per ml. No hemolysis was produced by any of these solutions. Higher 
concentrations could not be employed at pH 8.5 and even at this pH some 
precipitation of the Pyo II was apparent. Care was exercised while pre- 
paring the solutions to avoid inactivation and subsequent bioassays showed 
that the Pyo II had not decomposed. 

Surface Activity of Pyo II—The surface tension of an alcohol solution 
of Pyo II was measured by means of a Cenco du Noiiy tensiometer.' No 
attempt was made to control the temperature, but determinations of the 
surface tension of the solution and the solvent were made within as short 
a time interval as possible. Several consecutive determinations were 
made on the solution and the solvent over a time interval of about } hour. 
The surface tension of a 0.96 per cent solution of Pyo II in 95 per cent 
ethanol was found to be the same as the solvent. However, the dissolving 
of Pyo II in an aqueous 5 per cent Na,CO; solution produced a marked 
lowering of the surface tension of the solvent. The surface tension of 
such a solution was slightly higher than that of an equimolar solution of 
oleic acid (Eimer and Amend, c.p. grade) in the same solvent. A 0.00247 
M solution of Pyo II in 5 per cent Na,CO; (A. R.) had a surface tension 
of 34.3 dynes per cm., while that of an equimolar solution of oleic acid 


1 In this work a Cenco du Noiiy simplified form of tensiometer was used. Meas- 
urements were made at room temperature (about 25°). 
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in the same solvent was 32.8 dynes per cm. The surface tension of the 
5 per cent Na,CO; solution used was 78.7 dynes per cm., and that of the 
distilled water used in preparing these solutions was 75.4 dynes per cm. 

Therapeutic Studies with Pyo II—Experiments were conducted to as- 
certain whether Pyo II could protect mice from infections with Diplococcus 
pneumoniae type II. Pyo II was administered intraperitoneally and the 
mice were inoculated subcutaneously with a suspension of the organism. 
Fifteen mice were inoculated with the organism and 3 hours later were 
injected with Pyo II in 0.2 per cent sodium carbonate. Ten of the animals 
received doses of 0.5 mg. repeated at intervals of 8 hours. The remaining 
five mice received smaller doses. All of the mice died within 18 to 30 
hours. Numerous pneumococci were present in heart smears. 

This experiment was repeated with Pyo II dissolved in mouse fat to 
obtain slower absorption. Injections of 0.4 mg. of Pyo II were given 4 
to 5 hours before the inoculations with the Diplococcus pneumoniae type 
II and were repeated at intervals of 8 to 12 hours. The animals died within 
48 hours; many organisms were present in the blood smears. 

In all of these experiments, there was no significant difference between 
the survival time of the control and the treated mice. 

Four guinea pigs, each of which weighed about 300 gm., were inoculated 
subcutaneously with Mycobacterium tuberculosis var. hominis and a few 
hours later were injected subcutaneously with Pyo II in 0.2 per cent sodium 
carbonate. Two of the animals received 1.0 mg. of Pyo II daily, while the 
other two received 3.0 mg. in two equal injections. After 65 to 76 days the 
animals were killed and examined. No effect on the course of the disease 
could be observed; the treated animals exhibited lesions which were similar 
in character and extent to those seen in the controls. 

More extensive studies on the therapeutic action of Pyo II are desirable; 
however, the amount of this compound which could be devoted to these 
studies was limited. 


SUMMARY 


1. The lethal dose of Pyo II as determined on a limited number of mice 
was between 0.50 and 0.75 mg. 

2. In concentrations of 0.10 to 1.0 mg. per ml., Pyo II did not cause 
hemolysis of rabbit erythrocytes. 

3. Pyo II (0.96 per cent) exerted no measurable effect on the surface 
tension of 95 per cent ethanol. In aqueous sodium carbonate, Pyo II 
caused a marked depression of surface tension. 

4. Administration of Pyo II did not protect mice against virulent Dip- 
lococcus pneumoniae. 
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5. The course of the disease produced by Mycobacterium tuberculosis 
var. hominis in four guinea pigs was not altered by daily administration 
of Pyo II. 


We are indebted to the Theelin Fund administered by the Committee 
on Grants for Research of St. Louis University for financial support. 
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CITRUS FRUIT PHOSPHATASE* 
By BERNARD AXELROD 


(From the Enzyme Research Laboratory, Bureau of Agricultural and Industrial 
Chemistry, Agricultural Research Administration, United States Department 
of Agriculture, Albany, California) 


(Received for publication, September 13, 1946) 


In general, the phosphatases of the higher plants have not received the 
attention that their ubiquity demands. Although there are a few studies 
aimed at characterizing these enzymes, such as the outstanding work of 
Pfankuch (1) on potato and sugar-beet and the excellent doctoral thesis of 
Courtois (2) on the seeds of mustard, almond, and the kidney bean, our 
present generalizations concerning this class of phosphatases are based on 
experience with but a few genera of plants. 

In the course of a broad investigation being carried on in this Laboratory 
on the enzyme systems in citrus fruits, phosphatase was detected for the 
first time in oranges (Washington navel and Valencia), lemons (Eureka), 
and grapefruit (Marsh seedless). 

Information concerning the quantitative distribution of the phosphatase 
throughout the tissues of various citrus fruits has been obtained. The 
phosphatase of navel orange juice has been concentrated by precipitation 
with ammonium sulfate and somewhat purified by taking advantage of the 
property of Celite to adsorb the enzyme from salt-free solutions. The 
purified enzyme preparation has been the subject of a detailed study to 
permit its comparison with other plant phosphatases and to determine its 
position in the classification scheme of Folley and Kay (3). Such infor- 
mation is a necessary part of any picture of the carbohydrate metabolism 
of citrus fruits, and the relation thereof to ripening and behavior in storage. 


EXPERIMENTAL 


Mode of Assay—The rapid and convenient nitrophenyl phosphate method 
of Ohmori (4) was modified in several details and adapted to the Evelyn 
photoelectric colorimeter.! The concentration of substrate employed, 


*Enzyme Research Laboratory Contribution No. 102. Part of this work was done 
under the Special Research Fund authorized by the Bankhead-Jones Act of June 29, 
1935. 

1Since the completion of this work there has appeared a paper by Bessey, Lowry, 
and Brock (5) describing a similar adaptation of Ohmori’s method which enables 
them to determine phosphatase activity on 5 c.mm. of serum. These authors in- 
geniously determine the blank correction due to the color of the serum by discharging 
the nitrophenol color in their reaction mixture with acid and then reading the residual 
color. Unfortunately, this procedure cannot be used with many plant juices and 
extracts, owing to the presence of natural indicator-like substances. It is therefore 
necessary to employ the customary ‘‘zero time’”’ blank. 
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although not as great as the limiting concentration, gave virtually linear 
digestion with time up to 18 per cent digestion. In practice this provided 
convenient limits for enzyme concentrations and time values. 

The disodium p-nitrophenyl phosphate was prepared by phosphorylation 
of p-nitrophenol essentially in the same manner as described by Huggins 
and Talalay (6) for the preparation of disodium phenolphthalein phosphate. 
However, the purification of the salt was effected by dissolving it in hot 
aqueous methanol, filtering, and precipitating with acetone. It was then 
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Fig. 1. Photometric determination of p-nitrophenol 








washed with acetone and repurified by the above procedure. The resulting 
white fibrous crystals contained less than 1 per cent free nitrophenol. 

The assay is carried out as follows: A stock solution of disodium p- 
nitrophenyl phosphate, 2.77 < 10-* M, is prepared in M/30 acetate buffer, 
pH 5.0. To 5.0 ml. of this stock solution sufficient water to make a final 
volume of 7.0 ml. including enzyme solution is added. Digestion is carried 
out at 37.5° for any desired period of time, taking care not to exceed 18 
per cent digestion. The extent of digestion can then be determined at any 
appropriate time by transferring a suitable aliquot (0.1 ml. to 1 ml.) toa 
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known volume of m/6 NaOH (10 to 40 ml.) in a colorimeter tube. This 
stops the reaction and produces the full yellow color of the nitrophenol. 
Because only a small aliquot is required, the decrease in alkalinity is never 
great enough to affect the resultant color. 

The yellow color is then measured in an Evelyn colorimeter equipped 
with a 400 my filter, and the amount of nitrophenol present is determined 
by the use of a standard curve (Fig. 1). The curve shows that Beer’s 
law holds well up to a concentration of 5.0 mg. of nitrophenol per liter. 
With the calibration constant obtained from this curve the following 
expression holds: 

Q = K-L-ml. solution 
where Q = y nitrophenol per aliquot 
L = 2 — log % transmission 
K = calibration constant (here = 4.96 y per ml.) 

The unit (P. N. P. unit) is defined as that quantity of enzyme which 
liberates 1 y of nitrophenol per minute per 7 ml. of reaction mixture at 
37.5°. For that portion of the hydrolysis in which the digestion rate is 
linear with time, namely the first 18 per cent, the activity is given in P. N. 
P. units by the following expression: 


K X L xX (ml. NaOH + ml. aliquot) x7 


‘(min.) X ml. aliquot 


Relation of P. N. P. Unit to Pfankuch Unit—Since Pfankuch (1) has done 
extensive work on plant phosphatase, we determined the ratio of the P. N. 
P. units to his unit to permit comparison. His unit (P. E.) which stems 
from Albers and Albers (7) is that quantity of enzyme which liberates 
0.1 mg. of P from 5 per cent disodium §-glycerophosphate-5H,O in 1 hour 
at pH 5.85, at 30°. With a phosphatase preparation of orange juice the 
ratio P. E. per P. N. P. unit was found to be 8.73. — 

Application of Method to Continuous Observation—Huggins and Talalay? 
(6) have adapted the phenolphthalein phosphate substrate of King (8) by 
using the sodium salt in an ingenious and sensitive method which permits 
continuous observations of the course of hydrolysis when phosphatase is 
being studied in a digestion mixture sufficiently alkaline to turn the liber- 


* Huggins and Talalay determined phosphatase activity at pH values at which 
phenolphthalein is not in the red form, by adding an alkaline buffer to the reaction 
mixture at the end of the digestion period. Their method is very satisfactory for 
assay purposes but the necessity of liberating two phosphate groups from each 
substrate molecule before the chromogen appears complicates the kinetic picture. 
With nitrophenyl phosphate the 1:1 correspondence of chromogen and inorganic P 
permits one to follow the reaction by the appearance of both nitrophenol and phos- 
phate. This has indicated the occurrence of transphosphorylation in the presence 
of certain other added substances which will be discussed in a subsequent paper. 
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ated phenolphthalein red. Obviously this method is restricted to the 
alkaline phosphatases. With nitrophenol it is possible to carry on ob- 
servations quite well at pH 6 or higher and we have even employed it 


TaBLe | 
Phosphatase Content of Citrus Fruit Tissues 
Sines J - henson we Os 
per gm 
(or ml. juice) 
Grapefruit flavedo press-juice 186 
” rind brei 141 
‘* filtrate from 113 
" albedo brei, filtrate from 127 
” m 160 
juice, whole 2.97 5.32 
rs ‘* serum 2.9% 1.95 
“4 seed + 
Navel orange rind brei.. 295 
_ ™ ” ‘* filtrate from 310 
- ‘*  flavedo brei 276 
ws = - ‘* filtrate from 251 
“ ** juice, whole 3.21 6.33 
1 = ‘* serum 3.21 3.60 
= ©. Ms ae 
Valencia orange rind brei 216 
” ‘* ~~ flavedo brei 232 
- ‘* juice, whole 3.15 6.17 
. - " serum 3.15 3.55 
4 ‘* seed ' me 1.45 
Lemon rind brei 109 
‘*  flavedo brei . 212 
«juice, whole 2.23 0.82 
" «serum . 2.25 0.27 
° ome... 90.7 








The grapefruit, Marsh seedless variety, was received May, 1945, from the Imperial 
Valley. The navel oranges originated in the Santa Paula region and were received 
early in March. The Valencia oranges and Eureka lemons were purchased in the 
local market, May, 1945. ‘‘Whole’’ juice was obtained by gentle hand squeezing of 
halved fruit. Juice ‘“‘serum’’ was obtained by 10 minute centrifugation of whole 
juice at 3000 r.p.m. at 6 minutes (mean) radius and filtration through Whatman’s 
No. 42 filter paper. Juice was adjusted to pH 5.00 before assaying. Extracts of rind, 
flavedo, and albedo were made in a Waring blendor with 10 ml. of m sodium acetate 
and were acidified to pH 5.00 before assay. 





successfully at pH 5.58. At pH values below the point where nitrophenol 
is maximally dissociated it is desirable to use higher enzyme and substrate 
concentrations as well as excellent buffering. 
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Occurrence of Phosphatase in Citrus Tissues—Table I shows the amounts 
of phosphatase found in various citrus tissues. It is interesting to note 
that the particulate matter in unstrained juice carries with it a sizable 
portion of the activity in the juice. Nevertheless the bulk of the activity 
remaining after ordinary centrifugation and filtration is actually in solution 
in the juice, as evidenced by the fact that further centrifugation at 20,000g 
for 10 minutes removes very little activity (Table I). 

Concentration of Orange Juice Phosphatase—Because of the special in- 
terest in orange juice an attempt was made to purify the phosphatase 
therein. On one hand the concentration of the enzyme is quite low but 
on the other the protein nitrogen content is also low. Some of the clear 
navel orange juice used averaged approximately 0.1 per cent N, of which 
only a portion was protein nitrogen. The 2.5 per cent trichloroacetic acid- 
precipitable nitrogen content (9) was 0.0004 per cent, which is probably 
low because of the difficulty of effecting complete precipitation at such high 








Taste II 
Non-Particulate Nature of Orange Juice Phosphatase 
Enzyme Relative activity* 
0.5 ml. orange juice after low speed centrifugation and filtration 100 
0.5 “ 7 x  —_* ” 94.8 
Suspension of sediment obtained in high speed centrifugation; 1.1 
equivalent to 0.5 ml. original juice 








* By the phenolphthalein phosphate method. 


dilutions of protein, especially in the presence of pectic and other car- 
bohydrate material. 

45 liters of navel orange juice were obtained from late season navel 
oranges on the Brown juicer. The juice was kept cold, protected with 
toluene, and centrifuged in a Sharples centrifuge as soon as possible to 
remove all solid tissue. The centrifugate was treated with 10 n NaOH 
to give pH 6.95 to 7.1 and then made 0.8 saturated with (NH,).SO,. 
After 1 hour at 5° the solution was filtered by suction through a Celite pad, 
some Celite also being mixed with the solution. The filter pads, which con- 
tained the greater part of the activity, were then stirred with 19.9 liters of 
ice-cold water, the pH adjusted to 7.1, and the suspension filtered after an 
hour’s standing. The (NH;).SO, concentration was adjusted to 0.8 satu- 
ration. The resulting precipitate was filtered by suction on a Celite pad, 
and the pad was eluted with enough water to give 4.0 liters of filtrate. 
After the addition of toluene the filtrate was dialyzed for 40 hours against 
running tap water and finally 8 hours against two changes (10 liters each) 
of distilled water. The final volume was 5.0 liters. 
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A | liter portion of the dialyzed solution was again subjected to (N H,).- 
SO, precipitation at 0.8 saturation, pH 6.3. The resulting suspension was 
filtered on Celite and the eluate, 240 ml. in volume, was freed of salt by 
dialysis to give a final volume of 300 ml. 

50 ml. of this solution were further concentrated by adjustment to pH 
4.4 with HCl, adsorption on 3 gm. of Celite, and elution with m NaCl at 


TaBie III 


Concentration of Phosphatase from Navel Orange Juice 


P.N.P. units | P.N. P. 


Prepa- | : P.N. P.| | units 
ration Volume po : i—-_— 
a P Per mg. | Per mg. 
dry weight |protein N 
liters 
| 
A | 45 liters navel orange juice centrifuged 43 5 0.05 (Ap- 
in Sharples centrifuge; supernatant proxi- 
mately) 
B | pH supernatant adjusted to 6.97.1, 17.6 12.2 


made 0.8 saturated with (NH,).S0,; 
filtered through Celite; cake eluted 
with H.O, pH 7.1; eluate 
C | (NH,):SO, concentration eluate in- | 4 49.1 
creased to0.8 saturation; ppt. filtered 
through Celite pad; eluted with H.O; 
| eluate 
D | Dialyzed to remove (NH,).SO,; dialyzed) 5 16 16.2 | §,222 
solution 
E | 1 liter dialyzed solution made 0.8 sat- 0.240 96 
urated with (NH,).SO;; pH adjusted 
to 6.3; filtered on Celite; eluted with 
H,O; eluate 
F Dialyzed to remove (N H,).SO,; dialyzed | 0.300 | 72.5 | 24.5 | 21,000 
solution 
G | 50 mi. dialyzed solution absorbed on 0.175 71.3 64.1 
Celite, pH 4.4; eluted with 1m NaCl, 
pH 5.75; eluate dialyzed to remove 
NaCl; dialyzed solution 








pH 5.75, after preliminary experiments had indicated these were suitable 
conditions. These operations and results are summarized in Table IIL. 

On the basis of activity per mg. of dry weight, Preparation G was ap- 
proximately one-half as potent as the dry preparations obtained by Pfan- 
kuch (1) by alcoholic precipitation of sugar-beet press-juice and which, 
according to him, represented the most potent concentration of plant acid 
phosphatase yet obtained. The filtrate from the navel orange rind brei 
(Table I) contained 35.5 P. E. per ml. as compared to Pfankuch’s 100 to 
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200 P. E. per ml. of potato press-juice and 73 P. E. per ml. for sugar-beet 
press-juice. 

pH Optimum —The pH-activity relationships for orange juice phosphatase 
action on p-nitrophenyl phosphate, a-glycerophosphate, and §-glycer- 
ophosphate are shown in Fig. 2. The disodium §-glycerophosphate - 
5H.O used herein was recrystallized from a commercial preparation (Merck) 
and shown to be free of the a isomer by the periodic acid method of Pyman 
and Stevenson (11). Calcium a-glycerophosphate was made by King 
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Fic. 2. pH-activity curves for digestion of disodium p-nitrophenyl phosphate, 
a-glycerophosphate, and 8-glycerophosphate. The nitrophenyl phosphate reaction 
mixture contained 4 mg. of substrate, 1 ml. of enzyme, 1 ml. of buffer in a volume of 
6ml. The veronal-acetate-HCl buffers used were according to Michaelis (10), except 
that water was used in place of 8.5 per cent sodium chloride. 1 ml. of enzyme con- 
tained approximately 5.4 P. N. P. units; reaction time, 60 minutes; reaction temper- 
ature, 37.5°; activity at pH 5.18 arbitrarily taken as 109. The reaction mixture of 
glycerophosphate substrates contained 5 ml. of 0.163 M a- or 8-disodium salt plus 1.0 
ml. of a dilution of Preparation F containing approximately 12.5 P.N.P. units. The 
glycerophosphate solutions were adjusted to the desired pH and, since they were 
self-buffering, no further buffer was added. Reaction time, 61 minutes; reaction 
temperature, 30.5°; activity arbitrarily taken as 100 for a-glycerophosphate at pH 
5.90 and for 8-glycerophosphate at pH 6.03. 


and Pyman’s procedure (12) from glycerol-a-monochlorohydrin and con- 
tained 98.6 per cent of the a isomer. This was converted to the Na salt 
with Na,COs. 

pH Stability—Navel orange juice phosphatase similar to Preparation 
B (Table III), dialyzed free of salt and having an activity of 19.4 P. N. P. 
units per ml., was mixed with a series of veronal-acetate-HCl buffers in 
the proportion of 2.5 ml. of enzyme to 0.5 ml. of buffer, and allowed to 
stand at room temperature. After 0, 1, and 20 hours the mixtures were 
assayed (Fig. 3). Phosphatase preparations appear to be fairly stable at 
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room temperature. Preparation F lost about 25 per cent of its activity 
after 3 months storage in the refrigerator. 

K, for Reaction, Disodium p-Nitrophenyl Phosphate-Navel Orange Juice 
Phosphatase—The Michaelis constant, K,, for the enzymatic cleavage of 
nitrophenyl phosphate was determined with Preparation G. Conditions, 
except for substrate concentration, were similar to those prescribed for the 
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Fie. 3. Stability of orange juice phosphatase as a function of pH 
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Fie. 4. Effect of p-nitrophenyl phosphate concentration on reaction velocity. 
The reaction was carried out under standard P. N. P. assay conditions. 








standard assay. The plot of log concentration versus relative enzyme 
velocity yields a value of 6.6 X 10-* m (Fig. 4). Delory and King (13) 
report 5 X 10-' m for phosphatase from dog feces acting upon the same 
substrate at pH 9.80. 

Energy of Activation—The activity of Preparation G was determined 
against disodium p-nitropheny! phosphate at several different temperatures. 
From Fig. 5, which is a plot of relative velocity versus the reciprocal of the 
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absolute temperature, the energy of activation is calculated to be 10,500 
calories per mole. 

The energy of activation for the hydrolysis of 8-glycerophosphate by the 
same phosphate preparation, at two pH values obtained on the basis of 
rates at two temperatures, 30.52° and 37.55°, was found to be the same as 
above. Admittedly it is hazardous to base energies of activation on only 
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Fig. 5. Effect of reaction temperature on phosphatase activity. The reaction 
was carried out under standard P. N. P. assay conditions. 


TaBLe IV 
Energy of Activation of Enzymatic Hydrolysis of 8-Glycerophosphate 


. : ; 
Inorganic P liberated in 61 min. per ml. 


reaction mixture Energy of pativalne 


9H of reaction mixture | Ka i ( & 
E rea nh mixtur | : - =R ing fi ~ Th \ 
37.58° | 30.51° 
OY Y calories per mole 
5.53 16.2 10.8 10,600 
4.94 | 12.0 | 8.04 10, 500 








Reaction mixture; 10 ml. of 5 per cent 8-glycerophosphate-5H.O, adjusted to 
indicated pH with NaOH, plus 1 ml. of navel orange juice phosphatase ¢ontaining 
approximately 12 P. N. P. units per ml. 


two temperatures but these values are probably not far from the truth, in 
this temperature range. The results are shown in Table IV. 

Specificity of Enzyme—From Table V it may be seen that the enzyme has 
a wide specificity, but that it is ineffective against glucose-1-phosphate 
and diphenyl phosphate and but weakly active against the calcium-sodium 
double salt of inositolhexaphosphoric acid. 








0°46 | O9IS HOPRN ‘yur sed 





co. | «COO d Ol yy Z'g 0} poysnipe yd d oluBesi0 ,, coe'o urayoudoydsoyg 
to'oe | 4096 ” | »» TL OF 55 99 99 FBO'O » 9» 9» WILO "O'd*8N 
82% | 4096 ' » ILO OF 55 9» 9 FOO > 9 99 FILO O*HOL*O*%d"8N 
80% | 4096 SfON ‘DD ‘ILO O'¢ Hd ‘e7B{008 W $Z0'O » » ov VILO plow d1[Auope 4SBO X 
ge Hd pre 
9° ee OOST a €°S ‘HOVWN + ss, » OL'O oy) ogy OGL | OLMOYdSOYdoI99A[F[AQUUpedIq 
0 OOZL =|«SfON ‘DD ‘E80 OS 5, - » S10'O ‘jw sed ‘Jur g2*g | OF ]7Z- 078 Ydsoyd- [-osoon]s *y 
= ‘yur aed “Jur 
Ps 1°22 099 - LL O'S 55 + so EEL ‘O 6ZI (uotsuedsng) uljpedoAwy 
= plow suoydsoydexey 
os ¢c'l O¢l ” Lol OG 5, ” » LOO ‘jw Jad “Ju gE" fF] |-[OPISOUT JO 4/BS BIQNOP BN-BO 
iS ‘pur sod 
> Lei 099 “ IZ OG Hd ‘eyBjo0R W EFO'O | qf OlUBZIO “Fu Gez*{ | a}eVYydsoydip-g‘ [-asozon ay BD 
> 0°06 | OZze | 
= 9 rL | O8LI | | 
- Oct | OF 
v SSE | 98z o¢ Hd 
es C*RZ O1Z | 0} peZt[BiyNou plow I1a]o *ju sed 
o 9° OI | og J GZ -nu‘gs ,, i » 20'O dq otues10 “FW egy’(D plow dlapnuogiyy 
0 OFFI ” wl Og ,, ” >, SFO'O »» 1L00°0 bs jAuaydip y 
ey Olli r) 10°1 OE Hd ‘a7;B}008 W REO'O W Z200°0 | ayeydsoyd jAueyd ty 
juan sod | “ur | 
| (S28) | yoresedasd ee Ay ee 


siskjoupAy] aut} 


! “yur sad Jogng Worj}esUIIU07) | ayezysqns 
uolsaziq 


awAzuq swun “gd ‘Nd 





8aj}DAPBQNY snowy A UO asvjDydso0y 22INf 9buDI_Q fo UO 
A @1avy, 









It 


a 
° 
= 
a 
Q 
K 
< 


B. 





‘aynoajow sod dnoiZ ayeydsoyd auo jo siseq oy3 UQ t 

"@' LE VB SUOTJSOFIp 19Y40 |B! CZ YB PCL ‘ELE YB UOTJSeBIp soynurw gOz 4 

“wndos go1nt oBFuBIO JOABN , 
(91) poyjour s yeuloysog Aq uBIG yeoyM WOIy paredeaid ‘prow 
dOYydsoydexoy[OzISOUL JO 4] Bs BIGNOp BN-*B_ * (peystjqnd oq 04) 430919 “*g "FT puB weYydey “y ‘q Aq poyeost ‘g yuse s9d OT Fururey 
-uod ulayo1doydsoyd Mou 8 ‘utayoidoydsoyd , ‘soyeipend,,, ‘*'O’g®*BN ‘yonpoid [etosowUW0) &B ‘ploe o1[Auape ysBad !(G]) S18UIOg pus 
Jauung jo poyjyeur ayy Aq eyeydsoyd pue yo.184s 07830d UO ase[ArOYydsoyd 078 40d Jo uoljoR Aq poredeaid ‘(GO*]{z-oyeydsoyd-{-asoon[s *y 
‘(peystqnd oq 03) es0yy "5 “My Aq poeztseyjuAs ‘oyeqydsoydois04[FO41wWYedip-g *yues sed gg0°Q JUe}UOD g ‘(FI) 1}0A3Bg puUB ‘yweg 
‘WVOMBTT JO poyjour oyy Juisn ‘sauwtMYyog *g Aq Yoieys yBoay A WOIy pourezgo ‘utjoedo;Awe ‘yonpoid je1os9WU0d B ‘ayeydsoydip-g‘ | 
-980}9NIJ BLY Syonpoid [elos9UIUIOD B ‘plow OTa;ONUOGL ‘ pozt[VysA19 BOIMY PUB OplIO;yo|A10ydsoyd|Aueydip pal[iystped wo1y porudoid 

‘ayeydsoyd [Aueydip y ‘youesqd 9015 aAoures 0) pozyovszxe ‘yonposd jelos9UIWOD B ‘ayeydsoyd |AUeYd FBX ‘saytv1);sqns Jo seoIn0g 





68 CITRUS FRUIT PHOSPHATASE 


The per cent of hydrolysis of the phenyl compounds was followed by 
measuring the liberated phenol by the Folin-Ciocalteau (17) procedure. 
The hydrolysis of the other compounds was studied by Allen’s procedure 
(18) for inorganic phosphate. Careful timing during the color develop- 
ment made it possible to determine orthophosphate in the presence of 
pyrophosphate and tetraphosphate, in spite of the instability of the latter 
substances in the presence of the acid molybdate reagent. 

The hydrolysis of adenosine triphosphate was investigated somewhat 
closely because of the interest in adenosinetriphosphatase. Fig. 6 demon- 
strates that the hydrolysis of the terminal phosphate group does not occur 
exclusively ; nor does it proceed with significantly greater speed than that of 
the other groups. Hence the enzyme is not properly an adenosinetri- 
phosphatase but, in Steinbach and Moog’s (19) terminology, is an 
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Fic. 6. Hydrolysis of adenosine triphosphate by orange juice phosphatase. 
The reaction mixture contained 10 ml. of 0.08 m acetate buffer, pH 5.0, adenosine 
triphosphate equivalent to 8.91 mg. of Ba adenosine triphosphate and 46 P. N. P. 
units (1.0 ml. of Preparation D). At the indicated time, additional enzyme was 
introduced to the extent of 1 ml. per 4 ml. of reaction mixture. 


“apyrase.” The barium adenosine triphosphate used in this experiment 
was obtained from rabbit muscle by the procedure described by LePage 
(20). The product containing 10.09 per cent P and having a ratio of “7 
minute” to total P of 0.66 was converted to the Na salt with Na,»SO, before 
using. 

Acetyl phosphate’ is readily split by citrus phosphatase. The course of 
the reaction was followed by the hydroxamic acid method of Lipmann and 
Tuttle (21). The data in Table VI demonstrate that the enzymatic cleay- 


*Thanks to the kindness of E. F. Jansen and R. Jang it was possible to compare 
their acetylesterase preparation, which they obtained from navel orange flavedo, 
with phosphatase Preparation F for acetylphosphatase activity. Their preparation 
was contaminated with a small amount of phosphatase, whereas our preparation 
possessed a small amount of acetylesterase activity. The acetylphosphatase activity 
was found both by the hydroxamic acid method and the potentiometric titration 
(such as Jansen, Jang, and McDonnell (to be published) employ in their acetyl- 
esterase determination) to be proportional to the nitrophenylphosphatase activity. 
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age of this somewhat unstable substrate can occur much more rapidly 
than the uncatalyzed hydrolysis. Disilver acetylphosphate, which was 
prepared by Lipmann and Tuttle’s procedure (22), was converted to the 
sodium salt just before use by the addition of a very slight excess of sodium 
chloride and the removal of the silver chloride by centrifugation. 


Tasie VI 
Action of Phosphatase on Acetyl Phosphate 








Acetyl phosphate present 








| ) 
17 min. 140 min. 





0 min. | 
i soe i. naar | micromoles micromoles 
55 units, Preparation F.......... 1.25 | 1.07 0.40 
Control...... et eeereceseserenncel 1.25 1.23 1.00 











5 ml. of reaction mixture buffered with 0.4 ml. of Sérensen’s citrate; final pH 
5.95; temperature 30.5°. 


Tasie VII 
Effect of Various Substances on Phosphatase Activity 














= | : Relative 
Substance added | sation bene | oe action mitra -. 

pissed | 
MnCl,-4H,0 | | 0.02 | li i | 100 
CaCl... | 0.02 | “ | 0.31 102 
a | 0.02 i 2 a | 0 
MgCl,-6H.O ——. | « | 0.81 148 
MOON......:... pa sensenteh | 0.01 | a | 0.33 | 102 
seseeeee] 0.20 | Il | 0.56 | 77 
OS eee IV | 0.49 | 64 
NaCl..... ...e.| 0.14 | G | 0.68 | 100 
Physostigmine. . ..| 14% 10° | ee 100 
NasHAsO,-7H:0 | 2.9X 10° V 0.55, Ca. | 53 





Source, enzyme I, dialyzed navel orange juice ‘“‘serum;’’ Enzymes II, III, IV, 
and V, undialyzed navel orange juice “‘sera.’’ The p-nitrophenyl phosphate assay 
method was used in al! cases except for the arsenate, in which instance the phenol- 
phthalein phosphate method was employed. 


a-Glycerophosphate, 0.163 m, pH 6.2, is hydrolyzed by orange juice 
phosphatase at 82.8 per cent of the velocity of 8-glycerophosphate under 
comparable conditions. 

The rather large extent of digestion in the case of ribonucleic acid is 
interesting and is discussed below. 

Inhibition and Activation—Table VII summarizes the effects of various 
substances upon phosphatase action. Although Mg*+ caused a 48 per cent 
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increase in activity in the experiment shown, its effect varied with the 
sample of fruit, and in some cases was considerably less. 

Preliminary semiquantitative experiments with the acid phenolphthalein 
phosphate substrate of Huggins and Talalay showed that hesperetin was 
inhibitory, whereas rutin was not. Reduced glutathione, cysteine, and 
cystine were without effect. + 

Dipheny! phosphate, as observed above, was not attacked by the enzyme. 
The possibility of its combining with the enzyme and thereby competitively 
inhibiting the hydrolysis of a susceptible substrate did not seem remote. 
However, an experiment to test this point indicated that such combination 
did not occur (Table VITI). 


Taste VIII 
Influence of K Diphenyl Phosphate on Monophenylphosphatase Activity 


K diphenyl! phosphate Na monophenyl phosphate Hydrolysis 
m.eq. m.eq. per cent 
0.05 None 0 
0.05 0.05 6.0 
None 0.05 6.0 


The reaction mixture contained, in addition to the indicated quantities of the 
organic phosphates, 10 ml. of m/15 acetate buffer, pH 5.00, and 1 ml. of an enzyme 
dilution (Preparation F) containing approximately 50 P. N. P. units. Digestion 
was carried out at 37.5° for 25 minutes. 


DISCUSSION 


The behavior of citrus fruit phosphatase, if we may generalize the ob- 
servations made with the orange juice enzyme, is not greatly different from 
that of other plant phosphatases. On the basis of the observations re- 
ported herein the enzyme belongs most nearly in Group A-II of the clas- 
sification scheme of Folley and Kay (3). The qualifications for a position 
in this group are as follows: pH optimum 4.5 to 5, ability to split 6-gly- 
cerophosphate more readily than a, non-activation by Mg**, and a specific- 
ity for monoesters of phosphoric acid. It is true that the enzyme showed 
erratic Mg** activation amounting to perhaps 50 per cent, but attention 
is called to the fact that those phosphatases ordinarily considered to be 
Mg** activatable show a many-fold increase in activity. 

The failure to split diphenyl phosphate would seem to be corroborative 
proof that a specific enzyme is required to cleave diesters of phosphoric 
acid. However, a very considerable fraction (at least 90 per cent) of the 
phosphate of yeast nucleic acid was split off by the preparations of orange 
phosphatase. If the generally accepted structure of nucleic acid is granted, 
this finding appears to contradict the conclusion that orange phosphatase 
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is a monoesterase. The anomaly was explained, however, by the obser- 
vation that the orange preparation contained ribonucleinase* since Loring 
and Carpenter (24) have shown that ribonucleinase can split nucleic acid to 
mononucleotides. 

The presence of ribonucleinase in the phosphatase preparations was 
discovered by testing a preparation by the method of Kunitz (25) after it 
had been heated (5 minutes at 75°, pH 4.3) until its activity on p-nitro- 
phenyl! phosphate had disappeared. 

Of special interest is the observation that acetylphosphatase activity in 
oranges is due entirely to the phosphatase and not to esterase activity. 

The failure of diphenyl phosphate to influence the monophenylphos- 
phatase activity of the enzyme is compatible with the idea that phospho- 
monoesterases do not attack diesters because they do not combine with 
them. 


SUMMARY 


1. Citrus fruits (navel and Valencia oranges, Eureka lemons, and Marsh 
seedless grapefruit) contain an enzyme system capable of hydrolyzing a 
variety of phosphate compounds. 

2. The relative concentration of the enzymes in various tissues of these 
fruits has been determined. Some activity is in solution in the juice. 
This is the first reported instance of an enzyme actually present in citrus 
juice. 

3. Some concentration of the navel orange juice phosphatase has been 
achieved. 

4. Orange juice phosphatase possesses phosphomonoesterase activity but 
no diphenylphosphatase activity. It can also hydrolyze various poly- 
phosphates, including NagPsO,3, whose enzymatic hydrolysis has not been 
previously reported. 

5. The energy of activation for nitrophenyl phosphate hydrolysis has 
been determined. 

6. The pH optimum for cleavage of nitrophenyl phosphate, a-glycer- 
ophosphate, and 8-glycerophosphate has been determined. 

7. The stability of this enzyme at various pH levels has been ascertained. 


The author desires to express his thanks to E. F. Jansen and Rosie Jang 
of the Western Regional Research Laboratory for their cooperation in 
studying the specificity toward acetyl phosphate, and to H. 8. Oleott and 
D. K. Mecham, also of the Western Laboratory, for a sample of their new 


‘We are indebted to Dr. F. W. Allen of the University of California for the sug- 
gestion that ribonucleinase might be present. Bolomey and Allen (23) also obtained 
extensive hydrolysis of ribonucleic acid, using an almond phosphatase preparation 
which they found to contain ribonucleinase. The latter enzyme was not at that 
time regarded as forming mononucleotides. 
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phosphoprotein. The author is also greatly indebted to C. P. Wilson, 
W. E. Baier, and J. W. Stevens of the California Fruit Growers Exchange 
for the raw materials used and to E. A. Bevens and W. B. Davis of the 
Fruit and Vegetable Chemistry Laboratory of this Bureau, at Los Angeles, 
for help in working it up to concentrate the phosphatase. 
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URINARY STEROIDS ISOLATED AFTER ADMINISTRATION 
OF DEHYDROISOANDROSTERONE TO HUMAN SUBJECTS 


By HAROLD L. MASON ann EDWIN J. KEPLER 


(From the Division of Biochemistry and the Division of Medicine, Mayo Clinic, 
Rochester, Minnesota) 


(Received for publication, September 19, 1946) 


In continuation of the study of the fate of dehydroisoandrosterone when 
administered to human subjects (1), we have given 1090 mg. in the form 
of the acetate (1250 mg.) to a man and to a woman who had Addison’s 
disease. These subjects were selected because of the small content of 
steroids in the urine as indicated by the determination of 17-ketosteroids. 
The woman (Case 2) excreted no 17-ketosteroids in the urine prior to 
administration of dehydroisoandrosterone acetate, while the man (Case 3) 
excreted 1.3 mg. of 17-ketosteroids in 24 hours. Both subjects had typical 
Addison’s disease. Their adrenal insufficiency was controlled by treat- 
ment with desoxycorticosterone acetate and salt during a preliminary 
period and during the administration of the dehydroisoandrosterone 
acetate. 

The dehydroisoandrosterone acetate, 25 mg. per ml. in peanut oil con- 
taining 2 per cent of benzyl alcohol, was injected intramuscularly in doses 
of 50 mg. twice daily for 12.5 days. We are indebted to Dr. E. 
Oppenheimer and Dr. C. R. Scholz of the Ciba Pharmaceutical Products, 
Inc., for this preparation. Urine was collected during the period of admin- 
istration and for 2 days after the last injection. The procedures for 
collection, hydrolysis, and extraction of urine and for isolation of the 
steroids have been described (1). The alumina (Merck and Company, 
Inc., Rahway, New Jersey) used for chromatographic analysis was not 
as effective in the separation of the steroids as the preparation (E. Merck, 
Darmstadt) previously used. It was necessary to rechromatograph the 
major fractions. 

During the period of injection the amount of 17-ketosteroids excreted 
in Case 2 increased to 39 mg. on the 7th day and remained at 36 + 3 mg. 
In Case 3 a level of 16 + 2 mg. was reached on the 3rd day and maintained 
for the remainder of the period. When 100 mg. of dehydroisoandrosterone 
acetate were given in Case 1 (1), the daily excretion of 17-ketosteroids was 
48 + 9 mg. 


Results 


The results of isolation are given in Table I and, for comparison, the 
results obtained in the previous study (Case 1) (1). Some of the differ- 
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ences are striking and significant. In Case 1 the 17-ketosteroid content 
of the ketonic fraction was 43.6 per cent of the amount of dehydroiso- 
androsterone administered, whereas in Cases 2 and 3 the values were 22.3 
and 19.4 per cent, respectively. Also, in Case 1, an appreciable amount of 
dehydroisoandrosterone was recovered from the urine, but not in the 
others, although a quantitative determination indicated the presence of 
27 mg. (13 per cent) of digitonin-precipitable 17-ketosteroids (3(8)-hy- 
droxyketosteroids) in the ketonic fraction in Case 3. The ketonic fraction 
in Case 2 did not contain any steroids precipitable with digitonin. 

In Cases 1 and 3 the amount of androsterone isolated was about 1.7 


TaBLe I 


Substances Isolated from Urine after Administration of Dehydroisoandrosterone 





Compound Case 1 Case 2 Case 3 
meg. meg. mg. 
Neutral extract.......... ouee a 1130 600 800 
Non-ketonic fraction. .... Ee nt 440 180 270 
Ketonic fraction. ......... td « cae 630 350 430 
17-Ketosteroid content... wis 475 243 211 
17-Ketosteroids, sum of daily determinations 530 369 213 
Dehydroisoandrosterone......... is ave 79 None None 
Androsterone see tacaereee - by 130 24 62 
Etiocholan-3(a@)-ol-17-one............. 73 110 36 
Ketone, m.p. 199-203°.............. ia | 5 
- oe. Te nha ee AE 14 
“7 “ - e-e". .... apiece 8 | 
A‘-Androstene-3(8) , 17(@)-diol iad 6 
A’-Androstene-3(8) , 16, 17-triol 3 
CipHa202 tz). og ‘ =rr 4 
Non-ketone, m.p. 225-227°...... 2 
3 FM chi winwwes 3 8 
" PNM 555 Svin a’ 7 
= 15 


SL sas 


times the amount of etiocholanolone, but in Case 2 the amount of andros- 
terone was only 0.22 of the amount of etiocholanolone. In view of the 
slight differences in the proportions of these steroids found in urine of 
normal men and women by Callow and Callow (2) and by Dobriner and 
his associates (3) the difference found here cannot be attributed to sex. It 
is more likely to be the result of individual differences in the metabolism 
of dehydroisoandrosterone. 

A small amount of ketone which melted at 199-203° was found in Case 3. 
It depressed the melting point of the ketone found in Case 1, which melted 
at 194-—197°. 
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In Case 2, a small amount of a non-ketone which had the properties of 
A®-androstene-3(8) ,16,17-triol (4, 5) was isolated. The melting point of 
this fraction (250-255°) was not depressed by admixture of the known 
triol (m.p. 257-260°). Another non-ketone, isolated in small amounts, 
melted at 205-207° and a mixture with C,9H32O2 (T.), previously isolated from 
the urine of two women who had adrenal tumors (5), melted at 205-207°. 
A non-ketone melting at 233-234° was encountered again in Case 3. The 
melting point of this substance was depressed by admixture of pregnane- 
3(a) ,2U(a)-diol and etiocholane-3(a) ,17(a)-diol (m.p. 234-235°). Another 
small non-ketonic fraction melted at 225-227°. 


Comment 


It is evident from this study that dehydroisoandrosterone is not neces- 
sarily an end-product of steroid metabolism but that it is capable of trans- 
formation to other steroids. In some instances this transformation may be 
complete so far as the urinary steroids are concerned. There is the sug- 
gestion in our data that dehydroisoandrosterone may be the chief precursor 
of the androsterone and etiocholanolone that are found in the urine of 
women, eunuchs, and eunuchoids. In the case of normal men, testosterone 
is known also to be a precursor of these two steroids (6, 7). 

The results given in Table I show that in all three cases the administra- 
tion of the 3(8)-hydroxyketosteroid, dehydroisoandrosterone, was followed 
by the excretion of the 3(a)-hydroxyketosteroids, androsterone and etio- 
cholanolone. However, only in Case 1 was the administration of dehydro- 
isoandrosterone followed by its excretion as such. In the same subject the 
excretion of total ketosteroids was the largest. This association of free 
dehydroisoandrosterone with a large total excretion of ketosteroid may 
have some bearing on the interpretation of the excretory pattern of the 
steroids that occurs in cases of adrenal cortical tumor and adrenal cortical 
hyperplasia. 

It has been shown that functioning adrenal cortical tumors are usually 
associated with high levels of urinary 17-ketosteroids and that this high 
level is in turn partially accounted for by a greatly increased excretion of 
3(8)-hydroxyketosteroids, particularly dehydroisoandrosterone (5, 8-10). 
Adrenal cortical hyperplasia with cortical hyperfunction, on the other 
hand, is usually associated with an increased excretion of 3(a)-hydroxyketo- 
steroids (5, 11, 12). Furthermore, in the latter condition the values 
obtained for total ketosteroids, although increased, usually are lower than 
those in cases of adrenal cortical tumor. Our observations suggest that 
this difference in pattern might be tentatively accounted for as follows: In 
both instances there is overproduction of dehydroisoandrosterone. Some 
of this would be destroyed and some would be converted into androster- 
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one and etiocholanolone, and these substances would appear in the urine. 
If the production of dehydroisoandrosterone were greatly increased, the 
capacity of the systems involved in its conversion and destruction might 
be exceeded, in which case free dehydroisoandrosterone would appear in 
the urine and thereby increase the proportion of the 3(8)-hydroxyketo- 
steroids. However, if the production of this substance were only 
moderately increased so as to remain within the capacity of the body to 
destroy or convert it, very little, if any, of it would appear in the urine. 
We have recently encountered a subject which appears to illustrate the 
latter situation. The patient had Cushing’s syndrome; the daily excretion 
of 17-ketosteroids was approximately 30 mg. and the 3(8)-hydroxyketo- 
steroid fraction comprised only 5 per cent of the total. Contrary to what 
was expected, a functioning adrenal cortical tumor was found at operation. 


SUMMARY 


After administration of 1250 mg. of dehydroisoandrosterone acetate to 
a man and a woman who had Addison’s disease, there were isolated from 
the urine androsterone, etiocholanolone, A‘-androstene-3(8) , 16 ,17-triol, 
and a non-ketone, Ci9H3,0. (T.), previously isolated from the urine of 
women who had adrenal tumors. Dehydroisoandrosterone was not iden- 
tified, although it may have been present in small amounts in one case. 
A possible interpretation is suggested for the different proportions of 3(8)- 
hydroxyketosteroids found in urine associated with adrenal cortical tumors 
and with hyperplasia. 
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THE MECHANISM OF FORMATION OF AMINO ACIDS 
IN SURVIVING ANIMAL TISSUES FROM 
PYRUVATE AND AMMONIA 


By M. G. KRITZMANN 


(From the Laboratory of Chemistry and Metabolism of the Proteins, Institute of 
Biological and Medical Chemistry, Academy of Medical Sciences of the 
USSR, Moscow, USSR) 


(Received for publication, May 29, 1946) 


In spite of numerous investigations dealing with the synthesis of amino 
acids in the animal organism the actual mode of their formation is still 
unknown. On the basis of feeding experiments with intact animals 
(Knoop, Neubauer, du Vigneaud) and of studies with perfused organs 
(Embden) or with tissue slices (Neber, Krebs), it is generally assumed that 
the biological synthesis of amino acids involves reductive amination of 
a-keto acids, 7.e. a reversal of the reaction of oxidative deamination, but 
the detailed mechanism of this process is yet obscure. Several authors 
favor the hypothesis of so called “acetylating amination” (Knoop et al. 
(1)), du Vigneaud and Irish (2), Krebs (3), based on the spontaneous forma- 
tion of N-acetylalanine in solutions of ammonium pyruvate (observed by 
Erlenmeyer and Kunlin (4)) and on the excretion of N-acetylamino acids 
by experimental animals following administration of aryl a-keto acids 
(Knoop). 

Warburg’s tissue slice technique opened the way for a more detailed 
analysis of the mechanism of biological synthesis of the amino acids. The 
formation of amino nitrogen from pyruvate and ammonia by surviving 
liver and kidney slices has been demonstrated by Neber (5) and reproduced 
by Krebs (3). From the negative results obtained in an attempt to replace 
pyruvic acid in this synthesis by other a-keto acids, Krebs concluded that 
pyruvic acid performs specific functions in the formation of amino acids, 
acting as a specific hydrogen donator and acetylating agent. In a later 
paper Krebs and Cohen (6) reported the anaerobic synthesis of glutamic 
acid from ammonia and a-ketoglutarate in the presence of heart muscle or 
kidney tissue. Adler and his associates (7) have demonstrated the forma- 
tion of glutamic acid from ammonia and isocitric acid with enzyme prepa- 
rations from heart muscle. The papers of Krebs and Cohen (6) and Adler 
et al. (7) are of special importance because they indicate, for the first time, 
the nature of the sources of hydrogen utilized in biological reductive amina- 
tion. The formation of amino acids from ammonia and a-keto acids 
(pyruvic, oxalacetic, and ketoglutaric) in surviving liver and kidney tissue 
has also been described by Kaplansky and Karlina (8). 

7 
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In experiments with slices of rat liver reported in the present paper, 
practically no formation of amino nitrogen from ammonia could be observed 
with a-ketobutyric or a-ketoisocaproic acid, and only slight formation with 
a-ketoglutaric acid. Only in the presence of pyruvic or oxalacetic acid did 
a rapid formation of amino acids take place. It could be shown that 
carbonic acid and phosphate play a specific part in the formation of amino 
acids from pyruvate, and that they can be replaced by small amounts of 
a-keto dicarboxylic acids or their metabolic precursors. 

The experimental findings lead to the conclusion that the synthesis of 
amino acids from pyruvate and ammonia in liver slices is not a simple reac- 
tion of reductive or acetylating amination of pyruvic acid, as would be 
expected. It appears that this synthesis is a complicated process, involving 
the following intermediary steps. 

(1) CH;-CO-COOH + CO, —~ HOOC-CH,-CO-COOH 


(2) HOOC-CH,-CO-COOH + NH; + HX 
— HOOC-CH,-CH(NH,)-COOH + H,O + X 


(3) HOOC-CH,-CH(NH,)-COOH + CH;-CO-COOH 
— CH;-CH(NH,)-COOH + HOOC-CH,-CO-COOH 


(2)+(3) CH,-CO-COOH + NH, + HX 
— CH;-CH(NH,)-COOH + H.O + X 

In the first stage, oxalacetate is formed by condensation of pyruvate 
with CO, (Wood-Werkman reaction); this is possibly followed by the 
production of a-ketoglutaric acid by way of the tricarboxylic acid cycle of 
Krebs. In the second stage, oxalacetic acid is aminated to aspartic acid 
(and possibly a-ketoglutaric to glutamic acid) by ammonia and an unknown 
donator of hydrogen. In the third phase, alanine is formed by transamina- 
tion between aspartic acid (or glutamic acid) and pyruvic acid, present in 
excess. In Reaction 3 the keto dicarboxylic acid is regenerated and can 
participate anew in Reaction 2. 

The synthesis of alanine is thus primed and catalytically mediated by 
a-keto dicarboxylic acids formed from pyruvate and CO, and acting as 
primary acceptors of ammonia nitrogen and carriers of amino groups. — 

On the basis of this concept it has been possible to effect the synthesis of 
amino acids from pyruvate and ammonia with homogenates and enzyme 
extracts from liver tissue in the presence of the requisite H, and NH; 
carriers. Preliminary experiments with kidney tissue indicate a similar 
mechanism of reductive amination of pyruvic acid. 


EXPERIMENTAL 


Methods 


Weighed portions of rat liver slices were shaken in a water bath at 38° in 
Krebs’ flasks with Ringer-bicarbonate buffer prepared according to Krebs 
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(P-CO2-Ringer) in an atmosphere containing 5 per cent COs. (In this and 
all other Ringer’s solutions the addition of calcium chloride was omitted.) 
In experiments concerning the réle of COs, the slices were placed in 
Krebs’ Ringer-phosphate buffer (P-Ringer) or in Sérensen’s borate buffer 
(0.1 m, pH 7.6) with CO>-free air in the gas space. Special care was taken 
to eliminate traces of CO, from the test samples: use of freshly boiled water 
for preparation of solutions, neutralization of substrates with carbonate- 
free alkali, absorption of CO: from air bubbled through the Krebs’ flasks. 
In the experiments on the influence of phosphate the slices were rinsed in 
cooled phosphate-free saline to remove phosphate from damaged cells of 
the surface layers, and placed in phosphate-free Ringer-bicarbonate buffer 
(CO.-Ringer) or in borate buffer to which was added bicarbonate in con- 
centrations similar to those present in the Ringer-bicarbonate solution. 

The substrate concentrations were 0.1 to 0.05 M neutralized a-keto acids, 
and 0.02 mM ammonia. According to the purpose of the experiment, 
ammonium phosphate, carbonate, or chloride was employed. After ineu- 
bation the samples were deproteinized with sodium tungstate and sulfuric 
acid according to Folin and Wu. In the protein-free filtrate amino N 
was determined by the volumetric nitrous acid method of Van Slyke after 
preliminary hydrolysis of glutamine (Krebs) and removal of ammonia by 
evaporation with MgO. 

Lactic acid and alanine were determined by the method of Fromageot 
and Heitz (9). In view of the lack of specific methods for the determina- 
tion of malic and aspartic acids, these acids were estimated according to 
Fromageot and Heitz by differential determination of the acetaldehyde 
formed in the presence and in the absence of mercuric acetate, in deam- 
inated and non-deaminated samples respectively. (The samples contained 
no serine or threonine, which yield acetaldehyde in this method (ef. Braun- 
stein and Bychkow (10).) Inorganic phosphate was determined colori- 
metrically (Fiske-Subbarow method). 


Réle of COz in Synthesis of Amino Acids from Pyruvate and Ammonia 


The results of experiments concerning the formation of amino acids from 
various a-keto acids and ammonia in rat liver slices in CO.-containing and 
CO,-free buffer solutions are presented in Table I. 

With pyruvic acid active formation of amino nitrogen takes place only 
in bicarbonate-containing solution, while the synthesis with oxalacetic 
acid is rapid both in the absence and in the presence of bicarbonate. With 
a-ketoglutaric acid the NH.-N formation is very slight irrespective of the 
presence of CO2. This finding is in agreement with the data of Krebs and © 
Cohen (6), who established that the formation of glutamic acid by dismu- 
tation of a-ketoglutarate in the presence of ammonia is rapid in heart mus- 
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cle and kidney tissue, whereas liver, brain, and other tissues fail to effect 
this reaction. 

The effect of CO, on amino nitrogen formation is specific for pyruvie 
acid: in experiments with other a-keto acids (ketobutyric, ketoisocaproic), 
just as with a-ketoglutaric acid, the presence of bicarbonate fails to increase 
the very small formation of NH,-N; in fact, the synthesis of amino N from 


TABLE I 
Reductive Amination of a-Keto Acids in Liver Slices 
300 mg. of rat liver slices in P-CO,-Ringer or P-Ringer. Substrates, 0.1 to 0.05m 
pyruvate, 0.02 m ammonium carbonate or phosphate; total volume, 6 ml., 2 hours 


at 38°. 
The results are expressed in micromoles per gm. of tissue. 


| Increase of NH2-N 





Test No. | a-Keto acid added —_—___—_—— — 
| 7 ~— With bicarbonate 

] Pyruvic, 0.1 M 27 260 
2 ee 0.1 “ 26 185 
3 - 0.1 “ 20 282 
4 es 0.05 * 23 113 
5 7 0.05 * 31 240 
6 . 0.05 “ | 0 | 256 
7 Oxalacetic, 0.05 ‘“ 148 160 
8 | a 0.05 “ 198 210 
9 re 0.05 ‘ 196 172 
10 a-Ketoglutaric, 0.05 “ 30 30 
J “ 0.0125 “ 40 40 
12 - 0.05 * 40 35 
13 a-Ketobutyric, 0.05 “ 38 35 
14 - 0.05 * 42 
15 } ¥ 0.05 ‘* 42 
16 | 0.05 “ 36 
17 = 0.05 ‘* 36 
18 a-Ketoisocaproic,0.05 “ 20 
28 


19 = 0.025 “ 


| 


| 





these three keto acids scarcely exceeds the slight NH,»-N formation in 
control samples containing ammonia without added keto acids. These find- 
ings, in conjunction with the fact that oxalacetate is the only keto acid under- 
going rapid amination in the absence of bicarbonate and CO2, were incom- 
patible with the direct formation of alanine in rat liver tissue by simple 
reductive amination of pyruvic acid. They suggested that pyruvic acid 
might condense with COs, (in the Wood-Werkman reaction) to yield oxal- 
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acetic acid, which undergoes reductive amination to aspartic acid. In the 
presence of an excess of pyruvic acid aspartic acid can be transaminated 
with the formation of alanine and restitution of oxalacetic acid, which 
would be available again for reductive amination and subsequent trans- 
amination. 

This conception found support in experiments concerning the time re- 
lations of reductive amination of pyruvate. In these experiments the 


TaB_e II 
Balance of Chemical Transformations in Liver Slices with Pyruvate and Ammonia 
Composition of samples as in Table I. All values calculated in micromoles per 


gm. of tissue. 


| 


| | 
Lactic acid Malic acid 

















rer er= * 
Time | Total NHN Os | | Alanine | Aspartic acid 
With bicarbonate 
” ote | ' | 
0 76 16 OC 40 3 5 5 
30 156 51 72 15 ied! 23 
60 213 55 90 7 a1 33 
90 255 59 95 38 50 0 
150 368 103 137 63 135 0 
Without bicarbonate 
Oo | 46 a oe 5 8 
30 | 59 6% | 22 12 2 
60 | 59 | 10 | 24 2 12 
9 | 59 | | 144 18 5 10 
After 90 min., addition of 0.025 m bicarbonate 
150 142 9 Me | ib hope hee pases 
' —EEE a -_ - — 





Control sample without addition of bicarbonate; incubated 150 min. 





150 | 72 188 19 15 5 


changes of total NH2-N, NH;-N of the dicarboxylic acid fraction (Braun- 
stein and Kritzmann (11)), malic acid, alanine, and aspartic acid were 
estimated at half hour intervals during 23 hours. If dicarboxylic amino 
acids act as intermediates in the formation of alanine from pyruvic acid, 
their formation should be detectable after short periods of incubation. 


The results of such an experiment are presented in Table II. After 30 
minutes incubation the formation of aspartic acid is greater than that of 
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alanine, after 60 minutes equal amounts of aspartie acid and alanine are 
formed, and after 1} or 2} hours only alanine is present." 

The increase of dicarboxylic acid amino nitrogen after the disappearance 
of aspartic acid indicates the simultaneous synthesis of glutamic acid. In 
the CO,-containing samples, malic acid is being formed along with aspartic 
acid, an additional indication of the fixation of CO, under the conditions of 
this experiment. In the CO,-free sample there is only a slight accumula- 
tion of NH2-N and practically no alteration of the amounts of alanine and 
malic and aspartic acids; even after 1} hours of incubation their quan- 
tities are almost the same as in the initial sample. The addition of bicar- 
bonate at this point induces a rapid formation of amino acids and malic 
acid; the sample with added bicarbonate shows a substantial increase of 
alanine and malic acid in the interval from 90 to 150 minutes as opposed to 
the control incubated for another hour without bicarbonate in which there 
is no increase of these components. 

These experiments confirm the hypothesis that the réle of CO, in the 
formation of amino acids from pyruvate and ammonia depends on its utili- 
zation for the formation of a-keto dicarboxylic acids (primarily oxal- 
acetic acid), which act as the immediate substrates of reductive amination, 
whereas alanine is formed as a secondary product by transamination. 

Further evidence in support of this hypothesis was obtained in studies 
showing that, with pyruvate and ammonia in a bicarbonate-free medium, 
formation of amino nitrogen can be induced by the addition of small 
amounts of a-keto dicarboxylic acids or of their metabolic precursors. 


Réle of Dicarboxylic Acids in Amino Acid Formation? 


In these experiments use was made of all available members of the tri- 
carboxylic acid cycle, namely citric, a-ketoglutaric, succinic, fumaric, and 
alic acids, all of which are subject to conversion into oxalacetic acid in 
living tissues. In addition the dicarboxylic amino acids, aspartic and glu- 
tamic, were tested; in the presence of pyruvic acid they undergo trans- 
amination and are thus converted into the corresponding keto acids. 


1 The values of total NH,-N in Table II are considerably higher than the sum of 
alanine and dicarboxylic amino acids. This is due to the fact that amino acid forma- 
tion, under these experimental conditions, is accompanied by the synthesis of gluta- 
mine. In this experiment glutamine had not been hydrolyzed before the determina- 
tion of NH,-N. Therefore the NH.-N values correspond, in fact, to the sum of amino 
and amide nitrogen; moreover, some of the glutamic acid that had been formed es- 
caped precipitation in the Foreman fractionation of calcium dicarboxylates. In 
subsequent experiments in which glutamine was hydrolyzed prior to NH,-N de- 
termination, there was always satisfactory agreement between the increase of total 
NH.,-N and the increase of the sum of alanine and of dicarboxylic amino acids as de- 
termined by the Foreman procedure. 

? With the assistance of Seda Melick-Sarkisyan. 
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Experiments were also run with d-tartaric acid and with the next lower 
and higher homologues of oxalacetic and a-ketoglutaric acids; viz., with 
mesoxalic and a-ketoadipic acid, shown by Braunstein (12) to be active as 
substrates of transamination. Glutaric and adipic acids were used in 
control experiments as metabolically inactive saturated dicarboxylic acids. 
Representative results of such experiments are given in Table IIT. 

In order to establish the relation between the concentrations of the 
dicarboxylic acids and their effect, samples with widely varying amounts 
of added dicarboxylic acid were included in each experiment. In most in- 
stances the dicarboxylate concentrations ranged from 300 to 10 micromoles 
per gm., but in others smaller amounts, from 10 to 1 micromole were 
tested, to determine the minimal effective concentration. 

In experiments with high concentrations of precursors of the a-keto 
dicarboxylic acids the possibility must be considered that oxalacetic acid 
arising from their oxidation will act as the immediate substrate of amina- 
tion, or direct acceptor of ammonia, since oxalacetate is readily aminated 
in CO--free media. The maximal amounts of amino nitrogen formed in 
this way have been determined in experimental sampies incubated with 
ammonium phosphate and the highest concentration of the respective 
dicarboxylic acid (300 micromoles per gm.) in the absence of pyruvate 
(Table IIT, Column 13). 

Liver slices incubated with ammonia in the absence of added organic 
acids, either in bicarbonate or in phosphate or borate buffer, always form 
small amounts of NH»-N, owing to amination of endogenous substrates 
(Table III, Column 5). With phosphate buffer and ammonium phosphate 
NH.-N formation from pyruvate is usually almost as low as the spon- 
taneous formation of amino N from ammonia without pyruvate (Column 
6). In such experiments the synthesis from pyruvate is the more insignifi- 
cant, the fresher the sliced liver tissue. With slices prepared from rat 
livers kept for some time at room temperature somewhat larger amounts 
of NH2-N are formed in the presence of pyruvate, evidently owing to post- 
mortem formation of small amounts of CO, and dicarboxylic NH, carriers. 

It appears from the data of Table III that, while the addition of adipic 
or glutaric acid does not cause any synthesis of amino acids, all other 
substances tested, which are either a-keto dicarboxylic acids or their meta- 
bolic precursors, induce a considerable formation of amino nitrogen from 
pyruvate and ammonia. This effect is obtained in a wide range of dicar- 
boxylate concentrations; with tartaric, mesoxalic, and a-ketoadipic acids, 
only the lower concentrations are effective, whereas larger amounts seem 
to inhibit amino acid formation. With the higher concentrations of dicar- 
boxylic acids (300 and 150 micromoles per gm.) the surplus of synthesized 
NH:-N, in micromoles, does not exceed the added amounts of dicarboxylic 
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TABLE III 


Effect of Dicarborylic Acids on Formation of Amino Nitrogen by Liver Slices from 
Pyruvate and Ammonia in CO;-Free Phosphate Buffer 


300 mg. slices, 0.02 mM ammonium phosphate, 0.05 m pyruvate; CO.-free P-Ringer: 


total volume, 6 ml. 
The results are expressed in micromoles per gm. of tissue. 


Total NH2-N 


| Ammoni- 





eer oe ee a am phes. 
Experi- . den ad ret NH added dicarboxylic acid | phate + 
ment Acid added experi- ne | pg phos- : — 
No. ment | Initial | on phate rs - ” i a pd 
PHos~ | + pyru-| Dicarboxylate, micromoles | 8™. Gicar 
phate | * vate per gm. boxylic 
: : : acid 
300 150/ 75 | 35 | 20| 10 sonal 
(1) (2) 3) (4) (5) (6) | (7)| (8) | (9) |(10) | (11)} (12) 13) 
hrs. | ~ 
1 | l-Aspartic* 2 | 40 | 58| 58 181)140)103) | 79) 
2 | dl-Malie 2 | 40 | 82)| 86 (160/123/118 115110) 92 
3 | a 2 | 45 107 | 113 260 197/180 160/160 146 
s; * 2 | 30 | 45) 60 |182/172)158'156)158/158 
4a | ae 2 45 60 | 45 226|216/222|210/200|160t 
5 | Fumaric 2 | 40 260/200 167 133 
6 ws 2 | 50 60 | 60 |288/207 200 180 168 150+ 
7 | Succinic 2 | 80 83 85 250 208 206/150 144 
8 | a-Ketoglutarie 2 | 75 | 104| 98 |229/167/150 137/156 
9 | l-Glutamic* 2 | 55 94| 90 |178/208'188'154! 94 
10 | Citric 2 | 80 80 90 |258} (165, [218/160 148 
Mt .9 4 80 80 | 107 348/348 212)/312)260)150 
12 2 4 80 100 | 100 293/303 160/325 320 315 150 
13 = 4 60 70 | 86 307/358 252/332 307/228 180 
14 | a-Ketoadipic. 2 | 66 66 70 |155)155 155 155!200! 150 4 
15 “ 2 40 | 50 | 60 |112)114/125/202) 181 60 
16 “ 2 46 51 51 |100 100 100 160) 97) 95 
17 e 2 50 60 60 138 138/286, 
18 | Mesoxalic 2 50 60 60 | 71) 71/148,152)140 70 
19 | d-Tartaric 4 68 80 82 73 160,160 285 265 112 68 
20 | Adipic 2 46 51 54 | 54) 54 54) 51) 51 51 
21 Glutaric 2 63 66 S4 


73, 80 83 83 83 76 


* NH,.-N content of added amino acid subtracted in all samples. 

t With smaller amounts of dicarboxylic acid (4, 2, or 1 micromole per gm.) the 
following NH:2-N values were obtained: in Experiment 4a, 100, 60, and 35 micromoles 
per gm.; in Experiment 6, 96, 82, and 60 micromoles per gm., respectively. 


acids; so that the possibility of direct amination of the respective a-keto 
dicarboxylic acids (“substrate effect”) must be taken into account. 
But even with dicarboxylate amounts as high as 75 micromoles per gm. (in 
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4 hour experiments with citric acid, 150 micromoles per gm.) the excess 
NH.-N synthesis can no longer be accounted for by the substrate function 
of the added dicarboxylic acid: for 1 equivalent of added dicarboxylate 
there are formed 2 to 3 equivalents of amino acid. With dicarboxylic 
acid concentrations of 10 micromoles or less, 6 to 12 and even 20 equivalents 
(Experiment 12, with citrate) of amino nitrogen are formed. The lowest ef- 
fective concentration was found in Experiment 6 with fumarate at 2 micro- 
moles per gm. (formation of 11 equivalents of NH»-N), whereas no synthesis 
of amino nitrogen took place with 1 micromole per gm. of fumarie acid. 

Since the tissue slices are suspended in 20 volumes of aqueous medium, 
the least effective concentration of fumarie acid is 0.0001 m. The same 
threshold concentration was obtained in Experiment 4a with malic acid. 

With small amounts of added dicarboxylic acids their effect is manifestly 
catalytic, each added molecule being repeatedly involved in the formation 
of a molecule of amino acid. But even with higher concentrations of 
dicarboxylic acid the formation of NH»-N cannot, upon closer examination, 
be considered as a result of simple amination of dicarboxylic substrates. 
This interpretation would be inapplicable to aspartic and glutamic acids, 
bearing an available NH2 group. Further, in the samples with 300 micro- 
moles per gm. of dicarboxylates without pyruvate, there is either no amino 
acid formation at all (e.g. with mesoxalate or tartrate) or it is much less 
than in the presence of pyruvate. 

The carrier function of the dicarboxylic acids is also corroborated by 
determinations of the metabolic products, showing that alanine, rather than 
the dicarboxylic amino acids, is the main final product of synthesis even 
with high concentrations of added dicarboxylates. 

The maximal amounts of amino nitrogen formed in phosphate buffer 
from pyruvate in the presence of the different dicarboxylic acids at their 
respective optimal concentrations are of a similar order of magnitude in 
all instances, namely 150 to 220 micromoles per gm. in 2 hours, which 
coincides with the values obtained in bicarbonate buffer with pyruvate and 
ammonia without added dicarboxylates. 

This fact also is in accord with the view that the effects of all dicarboxylic 
acids and of CO: are based on an identical principle; namely, the formation 
of dicarboxylic acids, accepting ammonia, and transferring NH: groups to 
pyruvic acid. 

In Table IV are shown the values of amino nitrogen formation obtained 
with the dicarboxylic acids at ‘‘substrate’’ concentrations (0.05 m) in phos- 
phate and in bicarbonate buffer in the absence of pyruvate. The compo- 
nents of the tricarboxylie acid cycle yield a certain amount of NH,-N in 
either buffer solution, the presence or absence of CO» exerting no material 
influence upon the rate of synthesis. This result conforms to expectation 
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since all these acids are metabolic sources of a-ketoglutarate and oxal- 
acetate, undergoing reductive amination without the participation of CO,, 
It is noteworthy that the rates of synthesis, even with the nearest precursors 
of oxalacetate (fumarate or malate), are much lower than with oxalacetate 
itself or with pyruvate in the presence of CO, or of small quantities of 
dicarboxylic acids (cf. Tables I and II). This is probably a result of com- 
petitive inhibition of certain enzyme systems involved in the transforma- 
tion of a-keto dicarboxylic acids by an excess of dicarboxylic acids bearing 
no keto group in the a@ position. 

Such an inhibition is clearly evident in the experiment presented in 
Table V, showing the influence of different concentrations of fumarate 
upon the formation of amino nitrogen from pyruvate in P-CQO2-Ringer. 

As could be expected, no additional formation of NH.-N is caused by 
fumarate under these conditions, the formation of a dicarboxylic inter- 


TaBie IV 
Amino Nitrogen Formation from Ammonia and Dicarborylic Acids 
0.05 m dicarboxylic acid, 0.02 mw ammonium salt. NH-.-N, micromoles per gm. of 
tissue. 








| l = 
ES = a; = 
~ = & = = 2 ¥ g z 
ei. itstts3ei ze /8/3/2 [218i 3]2 
E | e.| ef |s>S "a & 2 s | & 2i8 ai 
86 E§ £& 23 ets 2 . 5 ez a) cz 5 8 
|S2lee| se ibssee S| § Ss i¥e| 3 |e S| 
| & <- - 8 = he 7) ~ oS) = - - 
Without CO,; 1 60| 65| 233 112 140 160| 175 | 165 | 145 «=75| 7% 
With CO, 2 | 8 | 213 | % 95, 90/138) 140) 2 125 








mediary carrier of NH» groups (oxalacetate) in optimal concentrations 
being insured by the reaction of Wood and Werkman. In fact, the for- 
mation of amino nitrogen was more or less markedly inhibited at all tested 
concentrations of fumarate, in comparison to the sample containing only 
pyruvate. 

In further experiments with pyruvate and added dicarboxylates in 
phosphate buffer, determinations were made of the changes of NH:-N, 
alanine, aspartic, lactic, and malice acids, as estimated by the method of 
Fromageot and Heitz. 

In Table VI are shown the chemical changes, at intervals of 30 minutes, 
in the presence of 150 micromoles of fumarate. A comparison of the values 
presented with those of Table II shows that the rates and time relations of 
amino nitrogen and alanine formation from pyruvate are much the same in 
phosphate buffer with fumarate and in bicarbonate buffer without fumarate. 
With fumarate, as in its absence with COs, chiefly aspartic acid is formed 
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(by direct amination of oxalacetate) during short periods of incubation. 
With longer incubation (more than 30 minutes) the ratio of the amino acids 
is gradually shifted in favor of alanine, which at the end of the experiment 
is 4.5 times higher than that of aspartic acid. The difference from the 
synthesis in bicarbonate buffer is mainly that alanine exceeds aspartic acid 
much later, and some aspartic acid is present even after 24 hours, whereas 
it disappeared completely in 1} hours in the experiment with P-CO:- 
Ringer. This difference is due to the relatively large amount of fumarate 


TABLE V 


Effect of Fumarate upon Amino Nitrogen Formation in Liver Slices from Pyruvate and 
Ammonia in P-COz-Ringer (3 Hours at 38°) 


NH:-N in micromoles per gm. 


Ammonia + pyruvate + fumarate; concentration of added 











itial Ammonia Ammonia + fumarate, micromoles per gm. 
Initia alone pyruvate ann as ee ie A TI x 
300 150 75 35 2o | 0 | § 
46 60 | 320 252 | 252 | 252 | 192 | 180 | 202 | 280 
| | | | 
TaBLe VI 


Time Relations of Chemical Changes in Liver Slices Incubated in P-Ringer with 
Pyruvate, Ammonia, and Fumarate (150 Micromoles per Gm.) 


All values are expressed in micromoles per gm. 

















Ratio of 
Time Total NHN | Lactic acid | Malicacid | Alanine | Aspartic acid te 
| alanine 
min 
0 13 63 67 17 10 
30 86 70 41 | 10 32 3 
60 152 180 30 30 138 4.6 
00 i723 | 10 | 8 =| «@ 144 3.6 
120 200 152 | 114 114 60 0.52 
150 227 161 | 105 175 39 0.22 


that had been added in the experiment presented in Table VI; with lower 
quantities of fumarate the similarity would doubtless be closer. 

In the experiment outlined in Table VI, the sum of alanine and aspartic 
acid at all stages of incubation is practically equivalent to the increase of 
amino nitrogen, leaving no place for the formation of significant amounts 
of glutamic acid. The formation of alanine is paralleled by an increase 
of malic acid, into which the C, skeleton of aspartic acid is converted 
after the transfer of its amino group to pyruvic acid. After the Ist hour 
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of incubation the amounts of aspartic and malic acids vary inversely, 
their sum covering (with a slight excess) the added 150 micromoles per gm. 
of dicarboxylic acid. This is further indication that no substantial amounts 
of C;-dicarboxylic acids had been formed from the fumarate by way of the 
Krebs cycle, and that the amination proceeded through oxalacetic rather 
than through a-ketoglutariec acid. 

The balance of chemical changes in an experiment of 3 hours duration 
with pyruvate and ammonia in phosphate buffer with varying amounts of 
citric acid, and in the corresponding control samples, is presented in Table 
VII. At the end of the experimental period most of the amino nitrogen 
formed from pyruvate in the presence of citrate is present in the form of 


TABLE VII 


Balance of Chemical Changes in Liver Slices Incubated 3 Hours in P-Ringer with 
Pyruvate and Ammonium Phosphate in Presence of Varying Concentrations 
of Citric Acid 


All values are expressed in micromoles per gm. 





Citric acid | Substrates ante | Lactic | Malic acid | Alanine  § 
300 Pyruvate + ammonia | 80 61 30 31 0 
(initial sample) 

0 Ammonia 80 61 24 30 35 
300 | . 148 105 36 46 83 

0 Pyruvate + ammonia 90 201 19 35 0 
300 = + - 258 125 141 165 0 
75 ae + as | 165 235 79 95 0 
20 we + 218 285 15 124 16 

10 ™ + Ww 160 285 24 90 7 


alanine, whereas significant amounts of aspartic acid accumulate only in the 
sample with citric acid without pyruvate. 

The fact that the increase of NH_-N is slightly in excess of the increase 
of alanine, especially with higher concentrations of citric acid, while no 
aspartic acid is present, may indicate the formation of a certain amount of 
glutamic acid, but the considerable increase of malic acid in the samples 
containing 300 and 75 micromoles of citrate shows that the oxidation of 
citric acid was associated with formation of Cy-dicarboxylic acids. In this 
instance, both a-ketoglutarate and oxalacetate must be taken into con- 
sideration as primary substrates of amination. 

A similar experiment concerning the influence of varying concentrations 
of a-ketoadipic acid upon the synthesis of amino acids from pyruvate in 
P-Ringer is presented in Table VIII. 
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At the end of 4 hours of incubation all of the synthesized amino nitrogen 
is found in the form ofalanine, the values of both NH.-N and alanine show- 
ing the greatest increase at the lowest concentration of a-ketoadipic acid 
(20 micromoles per gm.). The absence of any formation of glutamic or 
aspartic acid and the absence of any excess of malic acid indicate that a- 
ketoadipic acid probably takes part in the formation of amino nitrogen as 
an immediate acceptor and carrier of NH» groups, without preliminary 
conversion into C;5- or Cy-dicarboxylic acids. 

All of the data reported show that pyruvic acid does not undergo direct 
reductive amination in liver tissue in vitro and can accept amino nitrogen 
only with the intermediation of a-keto dicarboxylic acids. The inter- 
changeability of dicarboxylic acids and CO: in the synthesis of amino acids 
from pyruvate confirms the interpretation of the specific réle of carbonic 


Taste VIII 
Balance of Chemical Changes in Liver Slices Incubated with Pyruvate and Ammonium 
Phosphate in P-Ringer in Presence of a-Ketoadipic Acid 


All values are expressed in micromoles per gm. 


























:. | | 
3 a | Substrates | Time at | houts | sate | Alanine | a 
added | 
hrs. 

so Pyruvate + ammonia | 0 60 | 66 16 16 27 

0 Ammonia 4 100 144 9 21 0 
0 | Pyruvate + ammonia 4 | 100 | 200 | 24 38 0 
80 - _ * 4 | 238 | 208 | 25 202 14 
40 « 4 « | 4 | 238 | 2908 | 14 | 203] 14 
20 ee } 4 | 386 | 21 | 3 368 0 


acid in this process, suggested in the introductory section of this paper: 
CO, is utilized for the synthesis of oxalacetate in the Wood-Werkman 
reaction, and can be replaced by other sources of oxalacetic or ketoglutaric 
acid or by their nearest homologues. 


Réle of Phosphate in Amino Acid Formation® 


Further investigation proved that the formation of amino acids from 
pyruvate and ammonia necessitates the presence of inorganic phosphate. 
The following experiments with rat liver slices provide evidence that re- 
ductive amination of pyruvate is absent or very slow in phosphate-free 
bicarbonate or borate buffers; the addition of phosphate to the former, or 
of phosphate and bicarbonate to the latter buffer, results in considerable 
formation of amino nitrogen. From the values presented in Table IX it 
will be seen that NH2-N formation is greatly depressed in phosphate-free 
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CO.-Ringer as compared with samples in P-CO,-Ringer. The increase 
of NH2-N in the absence of added phosphate in the medium may vary 
within fairly wide limits, evidently owing to variations in the amount of 
available intracellular phosphate in the tissue slices. But even in instances 
of relatively large amino acid formation in the phosphate-free buffer 
(Experiment 5), at least twice as much NH,-N is formed in the sample con- 
taining phosphate. 

In the absence of added phosphate, just as in C'O.-free media, the addi- 
tion of even a small amount of fumaric acid or another dicarboxylic acid 
will regularly induce a large increase of NH.-N formation (Table IX), in 


TaBLe IX 
Influence of Phosphate on Synthesis of Amino Acids from Pyruvate and Ammonia in 
Rat Liver Slices 
300 mg. of rat liver slices; total volume, 6 ml.; 0.05 to 0.1 mM pyruvate + 0.02™ 
ammonium chloride or carbonate; fumaric acid, 10 to 50 micromoles per gm.; 2 to 
24 hours at 38°. The results are expressed in micromoles per gm. 











Total NHs-N 
Experiment | Duration of CO:z-Ringer P- CO2 Ringer 
No | experiment ——_—_—_———— fh ge ee i jae “i me on 3 
. | ruvate + yruvate 
| Ammonia alone ammonia “fumarate. ammonia 
min. | | 
1 | 150 5 % (| 235 
2 | 150 86 95 | | 290 
3 120 44 | 65 | 150 200 
4 | 120 |  — 150 SiS 195 
5 | 150 35 135 | | 238 
6 | 150 4 CO 160 =| 19 
7 | 120 66 66 | 132 
8 150 | 50 92 150 180 
9 248 


ai aa 9 | 10 #+%| 200 


contrast to experiments with P-CO,-Ringer (cf. Table V) in which the syn- 
thesis of amino acids from pyruvate is inhibited rather than augmented by 
dicarboxylic acids. 

The relation between the concentration of added phosphate and the 
rate of NH»-N formation has been studied with liver slices incubated with 
CO.-Ringer and variable amounts of phosphate (0.030 to 0.250 mg. of P 
per gm. of tissue). It is seen from Fig. 1 and Table X that more NH--N is 
being formed with increasing amounts of added phosphate, the maximal 
rate of synthesis being reached at phosphate concentrations of 0.025 m to 
m/30. Phosphate added in concentrations higher than m/30 fails to induce 
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any further increase of the rate of NH»-N formation. (The diminution 
of NH;2-N formation at 0.300 mg. per gm. of P noted in Table X (Sample 6) 
is accidental.) Owing to the presence of preformed intracellular phos- 
phate, it has not been possible directly to establish the minimal concen- 
tration of phosphate at which there would be no synthesis of amino acid 
at all. 

In Table X there is presented besides the amount of added P the total 
content of inorganic P at the beginning (added + initial preformed P) and 
at the end of the experiment (final inorganic P determined by colorimetry). 
From an extrapolation of the NH»2-N and P values it can be inferred that 


. 
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Fic. 1. Amino nitrogen formation in relation to concentration of inorganic phos- 


phate. Ordinate, micromoles per gm. of NH:-N. Hatched area, without added 


phosphate. 


there would have been no synthesis of amino acid in the complete absence of 
phosphate. 

The relation between the concentration of bicarbonate and the rate of 
amino nitrogen formation at optimal phosphate concentration has been 
determined in another set of experiments in which the Ringer’s solution 
was replaced by 0.1 m borate buffer supplemented with phosphate in the 
concentration present in P-CO,-Ringer according to Krebs. 

In phosphate-borate buffer, as in P-Ringer, there is always a slight 
increase of NH.-N with pyruvate and ammonia (compared to the control 
without pyruvate) in the absence of added bicarbonate. This slow NH2-N 
formation taking place in spite of careful elimination of exogenous COs is 
evidently due to metabolic formation of some CO: and to the presence of 
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preformed dicarboxylic acids. In phosphate-borate buffer the increase of 
NH:-N amounted in some instances to 20 to 30 per cent of the increase in 
P-CO:-Ringer. The latter value has been determined in each experiment, 
in a sample with pyruvate + ammonia in P-CO,-Ringer, to serve as a 
criterion of the optimal rate of NH.-N formation in the individual rat liver 
used (“‘normal”’ synthesis). 

The influence of varying bicarbonate concentrations, as determined in 
experiments with phosphate-borate, is shown in Fig. 2. Column I repre- 
sents the “normal” synthesis in P-CO2-Ringer (concentration of bicar- 
bonate, 0.025 m), Column II the synthesis in plain phosphate-borate, and 
Columns III to VIII the amounts of NH2-N formed with added bicarbonate 
at the concentrations indicated. While there is only a slight increase of 
NH:;-N formation with 0.0125 m bicarbonate compared to the CO.-free 
control, the level of amino acid synthesis with 0.025 m bicarbonate attains 


TaBLp X 


Influence of Phosphate Concentration upon Amino Nitrogen Formation 


























Sample No. | Added inorganic P | Initial inorganic P Final inorganic P | Increase of NH:N* 
meg. per em. mg. per gm. | me. per gm. meg. per gm. 
1 0.000 0.045 0.045 35 
2 | 0.020 0.075 | 0.060 | 95 
3 0.090 0.185 0.026 95 
4 | 0.120 0.165 0.100 125 
5 0.150 0.196 0.100 183 
6 | 0.300 0.345 0.135 115 








* After subtraction of NH,-N formed in control sample without pyruvate. 


that of the “normal” synthesis in P-CO.-Ringer, and higher concentrations 
of bicarbonate (m/30 to m/15) fail to stimulate NH.-N formation any 
further. Thus 0.025 m appears to be the optimal bicarbonate concentra- 
tion. 

Synthesis of Amino Nitrogen in Borate Buffer with Added Fumarate in 
Absence of Bicarbonate and Phosphate—In experiments with pure borate 
buffer and pyruvate + ammonia there is only a small production of NH:-N, 
like that obtained in CO,-free samples buffered with phosphate. As is 
shown in Fig. 3,-the addition of either phosphate or bicarbonate causes but 
a slight additional formation of amino nitrogen, whereas simultaneous 
addition of phosphate and bicarbonate or the addition of small amounts 
of fumaric acid results in a considerable increase of NH.-N, frequently 
attaining the level of ‘‘normal”’ synthesis. 

From the nearly “normal” rate of amino acid synthesis in plain borate 
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Fic. 2. Amino nitrogen formation at optimal concentration of phosphate in rela- 
tion to concentration of added bicarbonate. Ordinate, micromoles per gm. of 
NH,-N. Hatched area, without added phosphate. Cclumn I, 0.1 nN phosphate- 
borate + 0.02 m NH,Cl (control); Column II, same + 0.05 m pyruvate; Column III, 
same as Column II + 0.0125 m bicarbonate; Column IV, same as Column II + m/60 
bicarbonate; Column V, same as Column II + 0.025 m bicarbonate; Column VI, same 
as Column II + m/30 bicarbonate; Column VII, same as Column II + 0.2 m bicar- 
bonate; Column VIII, P-CO,.-Ringer + 0.02 m NH,Cl + 0.05 m pyruvate (‘‘normal 
synthesis’’). 
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Fic. 3. Amino nitrogen formation in borate buffer. Ordinate, micromoles per 
gm. of NH,-N. Hatched area, with plain borate. Column I, 0.1 n borate + 0.02 
mM NH,Cl; Column II, same + pyruvate; Column III, same as Column II + 0.025 
M phosphate; Column IV, same as Column II + 0.025 m bicarbonate; Column V, same 
as Column II + 0.025 m phosphate + 0.025 m bicarbonate; Column VI, same as 
Column II + 10 micromoles of fumarate; Column VII, P-CO,-Ringer + NH,Cl + 
pyruvate (‘‘normal synthesis’’). 
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with added fumarate (Fig. 3, Column VI) it can be inferred that the phos- 
phate, together with bicarbonate, is required mainly for the formation of 
dicarboxylic acid (Wood-Werkman reaction). 

In this experiment a fairly large amount (150 micromoles per gm.) of 
fumarate had been added, and the formation of NH»2-N did not exceed 
this amount. In this instance fumarate might have acted merely as a 
source of oxalacetic acid, functioning as a direct and ultimate acceptor of 
NH.-N. 

Experiments concerning the relation between the concentration of added 
fumarate and the rate of NH»-N formation in pure borate buffer (Fig. 4) 
showed, however, that 5 micromoles per gm. of fumarate will suffice to 
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Fic. 4. Amino nitrogen formation in borate buffer in the presence of fumarate. 
Ordinate, micromoles per gm. of NH.-N. Hatched area, with plain borate. Col- 
umn I, 0.1 m borate + 0.02 m NH,Cl (control) ; Column II, same + 0.05 m pyruvate; 
Columns III to VIII, same as Column II plus the following additions of fumarate (in 
micromoles per gm.): Column III, 5; Column IV, 15; Column V, 30; Column VI, 60; 
Column VII, 150; Column VIII, 300. 





















































induce a fairly considerable formation of NH.-N and that up to 60 micro- 
moles of fumarate several equivalents of amino acid are formed for every 
added molecule of dicarboxylic acid. 

The capacity of catalytic amounts of fumarate to replace both phosphate 
and bicarbonate in the reductive amination of pyruvate clearly indicates 
that the function of phosphate in this process, like that of bicarbonate, is 
mainly to render possible the formation of oxalacetic acid by way of the 
Wood-Werkman reaction. 

No added phosphate seems to be necessary for the further stages of amino 
acid synthesis, but the possibility cannot be excluded that these stages 
involve the participation of inorganic or bound intracellular phosphate. 
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Formation of Amino Acids from Pyrwate and Ammonia in Liver 
Homogenates and Enzyme Extracts 


In experiments with ground liver tissue of different animals (rat, rabbit, 
pig, sheep, beef, pigeon) or enzyme preparations from such tissue it could 
be shown that the synthesis of amino acids from pyruvate and ammonia 
does not depend upon the integrity of cell structure. 

For these experiments the tissue was minced in a Latapie mill, thoroughly 
homogenized by grinding in a mortar with quartz sand, and diluted in a 
ratio of 1:15 to 1:40 with phosphate buffer (m/15, pH 7.5) or with Krebs’ 
P-Ringer solution. 

In some instances an acetone-dried enzyme preparation was used, ob- 


TABLE XI 


Synthesis of Amino Acids from Pyruvate and Ammonia with Homogenized or Acetone- 
Dried Liver Tissue 


Substrates, 0.02 m ammonium phosphate, 0.05 m pyruvate; additions, fumarate 
50 micromoles, cozymase 5 to 6 mg. per sample; total volume, 6 ml.; dilution of tis- 
sues, 1:10 to 1:15; 2 to 2} hours at 38°. The results are expressed in micromoles per 
gm. of tissue. 


Additions 


























Tissue preparation None Fumarate | Cozymase =, 
Increase of NH2-N 
Homogenized rat liver 4 31 8 97 
0 3 6 132 
4 4 81 
8 5 | 9 120 
Acetone-dried pig liver 0 2 | 16 108 
0 0 24 96 
8 10 18 49 
0 | ee ae | 68 








tained by treating ground liver tissue twice with 5 volumes of cold acetone, 
filtering on a Biichner funnel, and washing with two portions of ether. The 
dried and sifted acetone powder, when kept in a refrigerator, is active dur- 
ing 3 to 4 weeks. 

The test samples usually contained 300 mg. of homogenized tissue or a 
buffer extract from this amount of tissue or from an equivalent quantity 
of acetone-treated powder in a total volume of 6 ml. In special experi- 
ments the acetone powder was ground with sand and 2 volumes of phos- 
phate buffer; the centrifuged extract was dialyzed 18 to 20 hours against 
running tap water, centrifuged again, and used for the experiments. The 
samples of homogenized tissue or enzyme extract were incubated aerobi- 
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cally in the presence of 0.05 mM pyruvate and 0.02 M ammonium salt, with 
the addition of neutralized dicarboxylic acid (50 micromoles) and of 5 to§ 
mg. of cozymase prepared from yeast according to Meyerhof and Ohlmeyer, 
In experiments in which the activity of aspartic aminopherase Was impaired 


Tasie XII 
Amino Nitrogen Formation with Highly Diluted Homogenates or Dialyzed Extracts 
of Liver Tissue 
Fumarate 50 micromoles, cozymase 6 mg., aspartic aminopherase 0.3 ml. (= 3 gm. 
of pig heart). 


Additions 
Tissue preparation | | Cozymase + 
: | = eke Cozymase + fumarate . 
| None | Fumarate | Cozymase |~finarate | coenzyme of 
aspartic 
| aminopherase 
ini teaee o ys a hy. Sat cece : Sr iq 
Homogenized liver 6 3 6 9 103 
Enzyme extract | 0 | S94 ts | 85 
a ee ee er 62 
~~ 2 & 1 6 6 | 20 
4 4 4 46 
Dialyzed “ 2 5 | 6 8 20 
| 0 


ee ee 


TaBLe XIII 
Amino Acid Formation and Transamination in Different Preparations from Rat Liver 


The results are expressed in micromoles per gm. 





| _— 7 
| Dialyzed enzyme extract 


Substrates Liver slices | Enzyme extract} _ Without With 
| coenzyme of | coenzyme of 
| aminopherase | aminopherase 


| 
| 
i a 2 Re ee 


0.02 m NH,Cl + 0.1 pyru- 133 46 0 | 24 
vate; increase of NH,-N (re- 
ductive amination) | 
0.05 m aspartic acid + 0.05 14 46 | 
pyruvate; increase of alanine 


(transamination) 


by excessive dilution of the liver preparation, the samples were supple- 
mented with a concentrate of the coenzyme of aspartic aminopherase, 
prepared as described by Braunstein and Kritzmann (13). 

As is seen from Table XI, a fairly large increase of NH:-N is observed 
only in the samples containing fumarate and cozymase in addition to the 
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substrates. A slight formation of NH.-N in some experiments with only 
fumarate or only cozymase is evidently due to the presence in the tissue 
preparation of sufficient preformed quantities of the lacking coenzymes or 
carriers to insure slow amination of pyruvic acid. 

With higher tissue dilution (1:40) or dialyzed extracts no synthesis of 
amino nitrogen was obtained under these experimental conditions. For 
the reactivation of such systems it is necessary to add a preparation of the 
coenzyme of aspartic aminopherase, besides cozymase and a dicarboxylic 
acid. The results of such experiments are summarized in Table XII. 

In the experiments with dialyzed enzyme extract the degree of reactiva- 
tion of amino acid synthesis is low, probably owing to insufficient activation 
of aspartic aminopherase or to the destruction or dilution of some other 
component of the enzyme system, not compensated for by the added 
supplements. 

The fact that a supplement of coenzyme of aminopherase is necessary 
for the reactivation of diluted enzyme extracts is a direct indication of the 
participation of transamination as an intermediary step in the amination of 
pyruvic acid. 

Supporting evidence in favor of this view was obtained in experiments 
showing that the rates of NH2-N formation in different enzyme systems 
are proportional, and in fact practically equal under the conditions se- 
lected, to the rates of transamination between aspartic acid and pyruvic 
acid (Table XIII). 


DISCUSSION AND SUMMARY 


It is evident from the data presented in this paper that the formation of 
amino acids from pyruvate and ammonia in liver tissue cannot be ex- 
plained by direct reductive amination (or acetylating amination) of pyruvic 
acid, in analogy to the synthesis of alanine from pyruvate in the model 
experiments of Knoop or of Erlenmeyer and Kunlin. 

The biological synthesis of amino acids from pyruvate and ammonia is a 
complicated stepwise process involving the participation of carbonic acid 
and phosphate, which can both be replaced by small amounts of dicar- 
boxylic acids or their metabolic precursors. 

The experimental data indicate that the following intermediary reactions 
are involved in this process in liver tissue (and probably also in kidney): 
(1) formation of oxalacetate from CO, and pyruvate (Wood-Werkman 
reaction), requiring the presence of inorganic phosphate and possibly 
followed by production of a-ketoglutarie acid through the tricarboxylic 
acid cycle; (2) formation of aspartic acid (or glutamic acid) from oxal- 
acetic (or a-ketoglutaric) acid, ammonia, and an unidentified hydrogen 
donator; (3) formation of alanine (and restitution of a-keto dicarboxylic 
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acid) by transamination between pyruvic acid and aspartic acid (or glu- 
tamic acid). 

The suggested mechanism of alanine formation is supported by the 
following experimental evidence. 

Direct amination of pyruvic acid does not take place, since no NH--N is 
formed from pyruvate in the absence of CO: (or of phosphate), whereas 
oxalacetic acid is aminated rapidly, and a-ketoglutaric acid at a slow rate, 
under similar conditions. The facts indicating that the reaction of Wood 
and Werkman is the first stage and reductive amination of keto diear- 
boxylic acids is the second stage in this synthesis are (1) the induction of 
rapid NH;,-N formation from pyruvate in phosphate-containing media 
by the addition of bicarbonate and the failure of bicarbonate to induce 
or increase the formation of amino acids from other a-keto acids and am- 
monia; (2) the formation of aspartic and malic acids upon short incubation 
of liver slices with pyruvate and ammonia in the presence of COQ2; (3) the 
ability of small amounts of precursors or homologues of oxalacetic acid to 
replace CO; in this process, and the similarity of rate and time relations of 
NH:,-N and alanine production in the reductive amination of pyruvate 
induced by CQ, or by added dicarboxylic acids; (4) the formation of NH»-N 
from ammonia and dicarboxylic acids in “substrate’’ concentrations, 
without pyruvate and irrespective of the presence or absence of CO: and 
phosphate; (5) the inhibitory effect of dicarboxylic acids at high concen- 
trations upon amino acid formation from pyruvate in the presence of CO, 
and phosphate. The importance of phosphate in the first stage (Wood- 
Werkman reaction) and the relative independence of the subsequent stages 
from added inorganic phosphate are demonstrated by (6) the failure of 
liver slices to form amino acids from pyruvate in CO,.-containing media 
without added phosphate, and the ability of small amounts of oxalacetic 
acid precursors to replace both phosphate and bicarbonate. 

It should be mentioned that the participation of intermediary phos- 
phorylation reactions in the condensation of pyruvate with COs, though 
postulated by several authors (Werkman and associates, Lipmann), has 
not, as yet, been supported by experimental evidence. 

Although the later stages of amino acid formation from pyruvate do 
not appear to require added phosphate, it may well be that they are asso- 
ciated with intermediary phosphorylations at the expense of intracellular 
phosphoric acid compounds. 

The réle of transamination as the final step of alanine formation, implied 
by the data mentioned above, is confirmed by (1) the gradual conversion 
of aspartic acid into alanine in the course of amino acid formation from 
pyruvate in the presence of either CO, or fumarate; (2) the catalytic nature 
of the effect of dicarboxylic acids, pointing to their function as intermediary 
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carriers of amino nitrogen; (3) the parallel decrease of the rates of reduc- 
tive amination and of transamination between aspartic acid and pyruvic 
acid with dilution or purification of cell-free liver preparations, and the 
coincident partial reactivation of both processes by a supplement of the 
coenzyme of aspartic aminopherase. 

Contrary to the statement of Neber as to the dependence of reductive 
amination of pyruvic acid upon the integrity of cell structure, it has been 
possible to effect this process with homogenates or cell-free extracts of 
liver tissue by supplementing them with the necessary coenzymes and car- 
riers of hydrogen and amino groups; namely, with cozymase, a precursor 
of oxalacetate, and the coenzyme of aspartic aminopherase. 

It has thus been shown that Neber’s failure to observe amino acid 
formation in ground tissues was not due to impairment of cell structure, 
but rather to the dilution and autolytic breakdown of intracellular co- 
enzymes and carriers participating in intermediary steps of this process. 

Indirect pathways of amino acid formation, involving primary synthesis 
of dicarboxylic amino acids followed by their transamination, have been 
postulated by Virtanen and Laine (14) for plants, and by von Euler and 
associates (15) both for plant and animal organisms. The present study 
offers the first direct experimental proof of such an indirect mode of bio- 
logical amino acid synthesis. 

For the reverse process, viz. the oxidative deamination of l-amino acids, 
an indirect mechanism involving transfer of amino groups to ketoglutaric 
acid and ultimate liberation of ammonia by the action of glutamic dehy- 
drogenase has been demonstrated by Braunstein and Azarkh (16). These 
authors have shown that surviving kidney and liver tissues deaminate 
some /-amino acids by means of this indirect mechanism, but fail to deami- 
nate many other amino acids readily catabolized in the living animal. It 
cannot be stated at present whether the significance of the indirect mecha- 
nism of reductive amination described in this paper is restricted to the for- 
mation of alanine and the dicarboxylic amino acids, or whether it is in- 
volved in the synthesis of a broader range of amino acids. 


The author wishes to express his thanks to Professor A. E. Braunstein 
for valuable advice and unfailing interest in this work and to Professor 
J. K. Parnas for helpful discussion and criticism. 
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(From the Department of Hygiene and Bacteriology, The Hebrew University, 
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The biological importance of nicotinic acid and its derivatives has stimu- 
lated the development of various microbiological methods of determining 
this substance. The most widely used is that of Snell and Wright (1). 
This method is, however, relatively insensitive, 0.1 y being the smallest 
amount of nicotinic acid which can be estimated by it. 

The aim of the present investigation was to improve the method of 
Lwoff and Querido (2). This procedure is based on the use of the non- 
pathogenic organism Proteus HX19, which is available in every bacterio- 
logical laboratory. The main modification introduced concerns the com- 
position of the basal medium. The sensitivity of the assay is increased 
10-fold by this modification. The method has been found to be applicable 
to the determination of nicotinic acid in a variety of biological materials. 


EXPERIMENTAL 


Organism—The test organism is Proteus HX19, the antigen of the 
Weil-Felix reaction for typhus. The cultures are carried on standard agar 
slants. Transfers are made at monthly intervals, and incubation is at 
30° for 24 hours. Between transfers the cultures are stored in the 
refrigerator. 

Basal Medium—The medium is a modification of that of Lwoff and 
Querido (2). The response of Proteus to nicotinic acid in the original me- 
dium is feeble and sluggish. Good growth appears in it only after 4 days 
and only if large inocula are used. As a result perceptible growth also takes 
place in controls. The sensitivity of the original test is rather low. Con- 
siderably better results are obtained by the use of a medium having the 
following composition: (NH,)sSO, 0.75 gm., KH:PO, 4.50 gm., KCl 
0.50 gm., NaNO; 1.00 gm., distilled water 750 cc. 

This medium was brought to pH 7.4 by adding 2 to 2.5 ec. of 10 N NaOH; 
it was then transferred in 7.5 cc. amounts into 16 XK 150 mm. Pyrex 
test-tubes, plugged with cotton, and autoclaved at 15 pounds pressure for 
30 minutes. 

To sterile mineral base sterile quantities of the following are added 
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aseptically: (a) 30 per cent glucose 0.2 cc., (b) 0.1 per cent ferric citrate 
0.1 ce., (c) 0.5 per cent magnesium sulfate 0.1 cc., (d) 10 per cent acid- 
hydrolyzed casein 0.1 cc. 

An alternative method is to prepare a mixture of (a), (b), (c), and (d) in 
the proportions specified and to sterilize it by passage through a Seitz 
filter, 0.5 cc. of the filtrate being added per test-tube containing the mineral 
base. Graded amounts of nicotinic acid or of the sample to be tested are 
then introduced and the volume is made up to 10 cc. with distilled water, 
The tubes are then ready for inoculation. 

If there is reason to suspect the presence of sulfonamides in the test sam- 
ple, addition of 0.1 cc. of a 0.1 per cent solution of p-aminobenzoic acid per 
test-tube of the above medium is recommended. 

Acid-Hydrolyzed Casein—This is the only constituent of the culture 
medium which requires special preparation. Both technical and “vitamin- 
free” casein can be used. The method of preparation is the following. 
50 gm. are hydrolyzed with 250 ec. of 25 per cent sulfuric acid. The mix- 
ture is autoclaved for 10 hours at 15 pounds pressure, and the sulfuric acid 
is then removed with baryta. Excess of barium is carefully removed with 
sulfuric acid (pH 4 to 5). Nicotinic acid which may be present in the 
hydrolysate must be completely removed. This is accomplished by stir- 
ring the hydrolysate with 2 per cent norit for 30 minutes and filtering. If 
the casein is of a technical grade, repetition of this procedure is generally 
necessary. Adsorption may be considered to be complete if the Proteus 
shows scanty growth in the medium in the absence of nicotinic acid, and 
full growth on the same medium after addition of 0.15 y of nicotinic acid 
per 10 cc. When this is the case, the hydrolysate is brought to pH 7.0 
with concentrated sodium hydroxide solution and is diluted or concentrated 
to give a final concentration of 10 per cent. 


Procedure 


Inoculum—A small number of Proteus organisms are removed from the 
surface of a 24 hour agar slant culture with a wire loop, care being taken 
to avoid direct contact with the agar. The loopful of Proteus is suspended 
in enough sterile 0.9 per cent sodium chloride solution to yield a just barely 
turbid suspension; 1 ec. of the latter is added to 100 cc. of saline. 2 drops 
(about 0.1 ce.) of a suspension obtained in this way are added to each assay 
tube. The inoculated tubes are incubated in a slanted position (angle, 
10° to 15°) for 40 hours at 30°. 

Standard Curve—Each set of assays is run together with a set of tubes con- 
taining per 10 cc. of medium 0.0, 0.005, 0.01, 0.02, 0.03, 0.04, 0.06, 0.08, and 
0.1 y of nicotinic acid. From the growth data a standard curve is con- 
structed. The growth is followed turbidimetrically by means of a photo- 
electric colorimeter of the Evelyn type (Fig. 1). 
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Specificity—Nicotinamide and nicotinic acid are equally effective. 
Recovery experiments gave satisfactory results, the maximal error not ex- 
ceeding +10 per cent. Other nicotinic acid analogues were unavailable 
to this laboratory and were, therefore, not assayed. Pelezar and Porter (3), 
however, found that ethylnicotinamide, diethylnicotinamide, ethyl nicotin- 
ate, and nicotinylglycine were all effective for many strains of Proteus 
X19, whereas picolinic acid, quinolinic acid, trigonelline, pyridine betaine- 
3-carboxylic acid, and a-aminopyridine-3-carboxylic acid were inactive. 

Vitamins other than nicotinic acid were found not to affect the growth 
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Fic. 1. Response of Proteus HX19 to nicotinic acid. The ordinate scale represents 
photometer readings; the abscissa, micrograms of nicotinic acid per 10 ec. of medium. 


curve when added in various concentrations either separately or in com- 
binations. The following substances were tested: riboflavin, thiamine, 
biotin, pyridoxine, glutamine, pantothenic acid, and p-aminobenzoic acid. 

Reliability of Method—The method presented is at least 10 times as 
sensitive as those of other workers (Lwoff and Querido (2), Isbell, Wooley, 
Butler, and Sebrell (4), and Snell and Wright (1)). The question arises 
whether it is as reliable as the most sensitive of these methods, that of 
Snell and Wright (1). Unfortunately, direct comparison of these methods 
was not feasible; however, we applied our procedure to standard materials 
and compared the results with findings of other authors as reported in the 
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literature. Recently Stokes, Gunness, and Foster (5) reported vitamin 
values for various ingredients of microbiological culture media prepared 
by Difco. They determined nicotinic acid by the method of Snell and 
Wright. Table I compares their results with those obtained on the same 
materials with our own method. It can be seen that the results are almost 
identical. 


TaB_Le I 


Comparison of Results of Nicotinic Acid Assays of Ingredients of Bacteriological 
Media, by Different Methods 








| 
Snell and Wright 





Material (Difco) fons S | Authors’ method 
s per gm 7 per gm. 
Beef extract... 993 927 
Peptone 29.4 30 
Neopeptone : 152 150 
Proteose peptone : 149 120 
Tryptone. oer 26.3 25.5 








* From Stokes et al. (5). 


Taste II 
Nicotinic Acid Content of Various Materials 


The results are expressed i in micrograms per 100 gm. or ce. 





Fruits Miscellaneous 





Vegetables | 

Beet 135 | ie 110 Soy bean, flour | 1650 
Radish =a Banana 435 | Standard ‘“ | 2100 
Cucumber | 210 | Lemon juice 45 Beans, green 2000 
Pepper, green | 315 | Grapefruit juice 85 Rice flour 4000 
Carrot 320 | Orange juice 90 Bakers’ yeast | 6450 
Marrow 320 | Blood 1 (human) (310 
Cabbage bev =") (505 
Eggplant Urine 1 . | 235 
Potato t va “. 2 “ | 600 
Sweet potato | 375 


, | 





Determinations on Natural Products—The usual methods of extraction 
were employed. The test materials for the most part were extracted by 
being autoclaved at 15 pounds pressure for 30 minutes in a large excess of 
water (100:1). In certain cases boiling alkali or acid was tried, but yielded 
the same results as did extraction by water, an observation also made by 
Snell and Wright (1). For estimation of nicotinic acid in blood the samples 
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were treated according to Isbell et al. (4); 0.1 ec. of blood sufficed for a 
determination. 
In order to obtain reliable results the samples are assayed simultaneously 
at three levels within the useful range and the mean of readings is taken. 
Table II reports findings of nicotinic acid in various foodstuffs (local 
fruits and vegetables), blood, and urine. 


DISCUSSION 


The method described above is a modification of that of Lwoff and Querido 
(2). The principal changes introduced by us are the inclusion of casein hy- 
drolysate and nitrate in the culture medium, and incubation of the assay 
tubes in a slanted position. By this means the range of the response is shifted 
and extended from 0.07 to 1.0 y to 0.005 to 0.1 y per 10 ce. of medium. The 
sensitivity is therefore 10-fold. The improved procedure permits estima- 
tion of the response of the cells in terms of turbidity without interference 
from the color or turbidity of the test material. Determinations carried 
out on standard materials have shown that our method yields the same 
results as that of Snell and Wright (1). The new procedure is, however, 
faster, and involves a test organism available in every bacteriological 
laboratory. 

SUMMARY 

1. A new method of determining nicotinic acid based on the use of 
Proteus HX19 is described. 

2. The range of response of the new method is 0.005 to 0.1 y per 10 ce. 
of culture medium. 

3. Determinations of nicotinic acid in foodstuffs (local vegetables and 
fruits), blood, and urine are reported. 

4. Merits of the new method, viz, sensitivity, simplicity, and speed rela- 
tive to older methods, are discussed. 
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APPLICATION OF SENDROY’S IODOMETRIC CHLORIDE 
TITRATION TO PROTEIN-CONTAINING FLUIDS 


By DONALD D. VAN SLYKE anp ALMA HILLER 
WiTH THE TECHNICAL ASSISTANCE OF JOHN PLAZIN 


(From the Hospital of The Rockefeller Institute for Medical Research, New York) 
(Received for publication, October 12, 1946) 


Sendroy (1) has developed a precise iodometric method for determination 
of chloride: the Cl--containing solution is shaken with pulverized AgIO; 
and the I10;- is determined that goes into solution as the result of 
the reaction, AglO; + Cl = AgCl + I0;-. The theoretical and 
experimental establishment of the conditions that make the reaction 
quantitative has been thoroughly accomplished by Sendroy (2). He 
showed that when the reaction occurs in a solution acidified with 0.08 
to 0.17 mole of H;PO, per liter equilibrium is reached in less than a minute. 
He found the ratio, moles of I1O;~ dissolved to moles of Cl-, is 0.996 when 
the initial Cl- concentration exceeds 8 mm, and is 0.998, 1.000, and 1.002 
when the Cl- is 4, 3, and 2.5 mm, respectively. The higher relative 1O;- 
yields from the lower Cl- concentrations are due to the increase of AgIO; 
solubility that occurs as the 10; concentration produced by the reaction 
diminishes. When chloride concentration is below 2.5 mm, the correction 
for AgIO; solubility begins to become significant. For chloride con- 
centrations above 3 mm the Cl- may be calculated as 1.002 X dissolved 
10;-, with an error not exceeding 1 part per 500. Sendroy developed 
gasometric (2), titrimetric (1), and photometric (3) procedures for de- 
termination of the dissolved IO;-. 

In the present application, the titrimetric procedure for protein-con- 
taining fluids is simplified by carrying out the reaction with AgIO; and 
precipitation of proteins simultaneously in a single operation, so that an 
entire analysis, including removal of the mixed precipitate and titration 
of the filtrate, can be carried through in about 6 minutes. This procedure 
during the past 3 years has displaced, in this laboratory, the ‘“‘open Carius” 
digestion method of Van Slyke (4) for determination of plasma chlorides. 

The simultaneous precipitation of proteins is accomplished by adding 
sodium tungstate or picric acid to the phosphoric acid solution that serves 
as the medium for the reaction between AgIO; and Cl-. Tungstate is 
more convenient than picric acid because the tungstate yields a water- 
clear filtrate in which the titration of the dissolved I0;- can be carried 
to its end-point more rapidly than in the yellow picric acid filtrate, though 
results with the latter are no less precise. 
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Since the titration, by the reactions [O;- + 5I- + 6H" = 31, + 3H,0, 
and 3I, + 6S,0,;~ = 6I- + 38,0¢-, requires 6 equivalents of thiosulfate 
for 1 of initial chloride, and the end-point is sharp in dilute solutions, the 
method is especially well adapted for micro analyses. Without special 
precautions the procedure can be used for chloride determinations in plasma 
samples varying from 1 to 0.040 ml., and the end-point is given unequivo- 
cally by 0.001 of the thiosulfate used in a titration. 

Over chloride analyses based on the Volhard titration the iodometriec 
procedure has the advantages that the iodometric method requires but a 
single standard solution instead of two, the titration is direct and not 
by difference, and the end-point is much sharper and is not subject to re- 
version such as occurs in the Volhard end-point by reaction of AgCl with 
SCN- in the supernatant solution. 

As shown by Sendroy (1), it is possible to carry out the titration of 
10; in the presence of the plasma proteins, with use of a correction factor 
of approximately 1.015 to correct for reduction of about 1.5 per cent of 
the iodine by the proteins. There are decided advantages, however, in 
removing the proteins. The end-point is sharper in their absence, and 
the correction for their consumption of iodine is avoided. Also, in the 
presence of the proteins 10;~ obtained by the reaction with Cl- diminishes, 
as shown by Sendroy, if the solution is not titrated promptly. In the 
protein-free filtrate the 1O;- remains unchanged for many hours. 

The same technique and reagents used for plasma can be applied with- 
out change to urine, gastric juice, and milk. In protein-free urines 
a protein precipitant is not necessary, but its use does not complicate 
the procedure, and makes the method adaptable without change to pro- 
tein-containing urines. 

Calculations are made by the general equation 


1000 X 1.002N rrioVinio _ 167 NehioV trio 


1 Cll, = — 
(1) (Cl) 6V, y, 


[Cl], mo of chloride per liter in the analyzed solution (plasma, urine, etc.) 

Nirio normality of the thiosulfate solution used 

Vaio = ml. of thiosulfate solution to titrate an aliquot of filtrate from the 
AgIO;-Cl reaction mixture 

ml. of analyzed solution (plasma, urine, etc.) represented in the titrated 
aliquot 


V. 


The factor, F, by which V,,;. is multiplied to obtain [Cl], is 
167Nirio 


2) F 
( ry, 


Rearranging Equation 2, one can calculate the value of Niio to give 
any desired factor, for a procedure with constant V,. 
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FV, 


Sn! a 
(3) oo” a 


By Equation 3, thiosulfate normalities for the present procedures were 
so calculated that, for plasma samples of 1, 0.2, and 0.04 ml., F has the 
convenient values 10, 50, and 100. 


Apparatus 


Glass spoons to measure approximate amounts of pulverized silver iodate 
and sodium iodide. These spoons are of the type used by Van Slyke 
and Folch ((5), Fig. 4), and described in detail by Van Slyke, Hiller, Weisi- 
ger, and Cruz (6). Silver iodate, precipitated as described by Sendroy 
(2), washed with water,' and dried at room temperature, weighs approxi- 
mately 1 gm. per ml. of the loose powder, and pulverized Nal weighs 
approximately 2 gm. per ml. For measurement of the silver iodate por- 


TABLE I 


Dimensions of Cylindrical Bowls of Glass Spoons Used to Measure Silver lodate Powder 
for Analysis of Plasma Samples of Different Size 

















Dimensions of spoon bowl 
Plasma sample AglO; used I. ut 
Inner diameter | Depth 
ml. meg. mm. mm. 
1.00 Ca. 300 7 | 7 
0.20 60 4.5 4 
0.04 “15 3 | 2.5 





tions used in analyses of different sized samples of plasma, spoons of the 
size indicated by Table I can be used. 

For sodium iodide, spoons of the same diameters and 1 mm. deeper can 
be used. The same spoon should not be used for both AgIO; and Nal, as 
traces of either reagent contaminating the other would destroy the ac- 
curacy of the analysis. 

In addition to the spoons, the following apparatus is needed for plasma 
samples of 1, 0.2, and 0.04 ml., or solutions of equivalent chloride content. 

For plasma samples of 1 ml., 50 ml. Erlenmeyer flasks, 15 or, preferably, 
50 ml. centrifuge tubes, a 25 ml. burette, and pipettes calibrated to deliver 
1,10, and 25 ml. If, instead of centrifugation, filtration is to be used to 
remove the AglIO;-AgCl-protein precipitate, chloride-free filter papers 
of 9 cm. diameter, and glass funnels, replace the centrifuge tubes. 

1 If the AgIO; precipitate is washed with alcohol and ether before drying, it forms 


a fluffy powder of about 2.5 times the volume it would occupy if dried after washing 
with water alone. 
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For 0.2 ml. plasma samples, 25 ml. Erlenmeyer flasks, 15 ml. centrifuge 
tubes, a 3 or 5 ml. burette, and pipettes calibrated to deliver 0.2, 2.0, and 
5 ml. 

For 0.04 ml. plasma samples, test-tubes of about 8 by 50 mm. size, 
a micro burette of 2 ml. capacity, and pipettes calibrated to deliver 0.04, 
0.50, and 1.00 ml. 


Reagents 


Precipitated silver iodate,? free from other iodates and other silver salts, 
is prepared as described by Sendroy (2). The AgIO; is tested for purity 
by the solubility method as follows: 


Portions of about 0.3 and 1.0 gm. of the silver iodate are shaken vigorously for 
1 minute with portions of 30 ml. of 0.15 m H;PO,, and the temperature of the mixture 
is measured immediately. The mixtures are then centrifuged or filtered, and portions 
of 10 ml. of the filtrates are titrated with the 0.02303 n thiosulfate, as described below 
for titration of plasma filtrates, but with a micro burette. The volume of thiosulfate 
required is compared with that indicated by Fig. 1 for the temperature at which 
the mixture was saturated. If the AgIO; is pure, the thiosulfate required will cor- 
respond with that indicated by Fig. 1, and will be the same in the filtrate from 1.0 
gm. as from 0.3 gm. If the AgIO; in preparation has not been washed entirely 
free of KIO;, more than theoretical thiosulfate will be used in the titration, and 
the excess will be greater in the filtrate from 1 gm. than from 0.3 gm. of AgIO;. If 
adherent AgNO; is present, less than theoretical amount of thiosulfate will be re- 
quired in the titration. The maximal deviation from the curve permissible is 0.1 
ml. in the filtrate from 0.3 gm. of AgIO;. The test can be applied to the freshly 
precipitated AgIO; before it is dried. If the AgIO; is not pure it can be made so by 
more washing. 


Sodium iodide, pulverized. The iodide is pulverized and kept in a brown 
glass bottle, which is not exposed to direct sunlight, or the surface may 
be oxidized to free iodine. The iodide is tested by adding 1 gm. and 2 
drops of starch solution to 10 ml. of 0.15 m H;PO, solution. No blue 
color must develop. The test should be repeated at intervals, as Nal 
which is satisfactory when the bottle is opened sometimes forms significant 
amounts of free iodine in the course of time. 


Potassium iodide may be used in place of sodium iodide for plasma analysis. How- 
ever, if the method is to be used also to determine chloride in urine, in which there 
is usually little or no protein and considerable potassium, it is preferable to use 
sodium iodide. The reason for this preference is that in the phosphoric acid-tung- 
state solution phosphotungstic acid forms, and, since potassium phosphotungstate 
is rather insoluble, a precipitate of it forms when KI is added to the supernatant 
solution after the reaction with AgIO;. The potassium phosphotungstate in sus- 


? The silver iodate and chloride-free sodium tungstate are prepared by Anachemia, 


Ltd., and can be obtained from E. H. Sargent and Company, 155-165 East Superior 
Street, Chicago 11, Illinois. 
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pension does not significantly diminish the accuracy of the starch-iodine end-point, 
but clouds the solution so that the sharpness of the end-point is somewhat lessened. 


Starch solution, 1 per cent. To 1 gm. of soluble starch add 100 ml. of 
a saturated sodium chloride solution and boil 10 minutes. 

Approximately 0.15 m H3PO, solution. 10 ml. of concentrated, chloride- 
free phosphoric acid (sp. gr. 1.72) are diluted to 1 liter. 

Phosphoric-tungstic acid or phosphoric-picric acid solution. Dissolve 6 gm. 
of Na.WO,-2H,0, reagent grade, containing less than 0.01 per cent of chlo- 
ride, in 1 liter of the 0.15 m H;PO,. If chloride-free sodium tungstate 


cannot be obtained, 2 gm. of picric acid are substituted for the tungstate. 


A quantitative test for chloride in the tungstate is performed by carrying out 
the standardization of 0.02303 n thiosulfate, described below, with two 4 ma chloride 
solutions, one of which is made by diluting 0.1 m chloride 25-fold with the above 
phosphoric-tungstic acid solution, the other by diluting with 0.15 m H;PO, to which 
no tungstate has been added. If both solutions yield filtrates requiring the same 
volume of thiosulfate for titration, the tungstate is chloride-free. If the tungstate- 
containing solution requires more thiosulfate, the difference indicates the amount 
of chloride in the tungstate. If the difference is not more than 1 per cent of the 
volume of thiosulfate used, the tungstate is usable. Correction for the chloride 
in it is automatically made by carrying out the standardization of the thiosulfate 
with the 4 mm chloride solution made up in the phosphoric-tungstic acid solution. 

Tungstate can be freed of chloride contamination by repeated recrystallization, 
as described by Whitehorn (7). The tungstate is dissolved with heat in an equal 
weight of water, and the solution is stirred into an equal volume of 95 per cent alcohol. 
The tungstate crystallizes at once from the cooled solution. It is filtered with suc- 
tion, washed with 95 per cent alcohol, dried in air, and retested for chloride. 


Standard 0.1 n chloride solution. One may use either 0.1 N HCl prepared 
from constant boiling HCl by the method of Hulett and Bonner (8), or 
0.1 m NaCl or KCl prepared from pure salts dried at 150-200°. 

Standard 4 mm chloride for standardizing thiosulfate. 10 ml. of the 0.1 
N chloride solution are diluted to 250 ml. with the phosphoric-tungstic 
acid solution or the phosphoric-picric acid solution, whichever is used in 
the chloride determinations. 

Stock sodium thiosulfate solution, 0.9212N. Dissolve 57.15 gm. of crystal- 
line NaoS,0;-5H,O or 36.43 gm. of anhydrous NaS,O; in water and dilute 
to 250 ml. This solution keeps indefinitely. Its concentration is tested 
by diluting a portion 40-fold and standardizing the resulting 0.02303 Nn 
solution as described below. If the standardization indicates that the 
stock solution is not exact, it is corrected by adding a calculated amount 
of water or thiosulfate, and the standardization is repeated. 

Sodium thiosulfate, 0.02303 n solution. (This normality is used because 
it simplifies calculation of millimolar plasma chloride to multiplying the 
burette reading by 10, 50, or 100 when the plasma samples analyzed are 
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1.0, 0.2, or 0.04 ml. respectively.) Transfer 25 ml. of the stock 0.9212 
thiosulfate solution to a 1 liter flask, add 1 gm. of borax as preservative, 
and dilute to 1 liter. 

The solution is standardized as follows: Shake 25 ml. of the 4 mm chlo- 
ride solution (see above) with 0.3 gm. of the silver iodate for 40 seconds, 
and then centrifuge in a capped tube or filter. Pipette 20 ml. portions 
of the clear supernatant solution or filtrate into 100 ml. Erlenmeyer flasks, 
add to each 2 gm. of Nal, and titrate with the 0.02303 N thiosulfate, adding 
3 or 4 drops of starch solution when the yellow iodine color has nearly 
disappeared. The titration should take 20.80 mi. of the thiosulfate solu- 
tion. If the volume taken deviates from 20.80 by more than 0.05 ml., 
correct the stock solution by addition of water or thiosulfate, make a 
fresh 0.02303 N solution, and repeat the standardization. This stand- 
ardization procedure provides an automatic correction for any traces 
of impurities in the reagents, such as chloride in the tungstate or other 
iodate in the AgIOs. 


If no impurities are present in the reagents, the 0.02303 n thiosulfate standardized 
by the above procedure should give a theoretical figure in a control titration against 
KIO;. For the control titration 5 ml. of 0.1 n KIO, (3.567 gm. of KIO; per liter) 
are mixed with 10 ml. of the 0.15 m H,PO, andj gm. of Nal, and the mixture is titrated 
with the 0.02303 n thiosulfate, of which 21.62 ml. are the theoretical requirement. 
If the control titration comes within 0.2 ml. of this amount, the reagents may be 
considered satisfactory. 


PROCEDURE 
Analysis of Plasma Samples of 1 Ml. 


Reaction with Silver Todate—1 ml. of plasma or serum is measured into 
a 50 ml. centrifuge tube (or, if a centrifuge is not available, into a 50 ml. 
Erlenmeyer flask), and 25 ml. of the phosphoric-tungstic acid, or phos- 
phoric-picric acid solution, are added from a calibrated pipette. Ap- 
proximately 0.3 gm. of AgIO;, measured from a glass spoon, is added. 
The tube or flask is stoppered and shaken vigorously for 40 seconds, during 
which time the proteins are precipitated and the reaction between AglO; 
and chloride is completed. The solution is separated from the solids by 
centrifugation, by filtration, or gravity sedimentation, as follows: 

Centrifugation for 1 minute at 2500 r.p.m. suffices. The tubes should 
preferably be capped to prevent evaporation, which might cause measur- 
able concentration if the centrifugation were allowed to overrun the minute. 
If a 50 ml. centrifuge tube is not available, half the mixture may be cen- 
trifuged in a 15 ml. tube, since 10 ml. of the supernatant suffice for a titra- 
tion. 
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For filtration a 9 cm. dry filter paper, suitable to retain fine precipitates, 
is used. ‘ 

For sedimentation the reaction is carried out by shaking in a test-tube 
of about 50 ml. capacity, and the stoppered tube is then let stand until 
enough clear supernatant solution has separated to permit withdrawal 
of 10 ml. for titration. (Sedimentation does not yield enough supernatant 
for duplicate titrations.) A 15 to 30 minute sedimentation usually suf- 


fices when tungstic acid is the precipitant; if the tube stands overnight,- 


however, no harm is done. If the supernatant is not entirely clear, the tip 
of the 10 ml. pipette, used to withdraw an aliquot for titration, is wrapped 
in a wisp of absorbent cotton, which serves as a filter. 

Titration—Of the supernatant solution or filtrate, 10 ml. are pipetted 
into a 50 ml. Erlenmeyer flask and approximately 1 gm. of sodium iodide 
isadded. Immediately after adding the iodide the iodine that is set free 
is titrated with 0.02303 n thiosulfate solution from a 25 ml. burette. The 
thiosulfate is delivered in rapid drops (but not a stream) until the color 
of the solution in the flask is only pale yellow. 2 drops of starch solution 
are then added, and the titration is continued until the blue color disap- 
pears. 

The use of starch to sharpen the end-point is desirable but is not ncces- 
sary when the water-clear filtrate from tungstic acid is used. The same 
result is obtained by titrating till the last trace of iodine yellow color disap- 
pears, 2 50 ml. flask with 20 ml. of water being used for color comparison. 

When a series of analyses is being done, each 10 ml. portion of filtrate 
is treated with sodium iodide just before it is titrated. If the entire series 
were treated with sodium iodide at the same time, the solutions which 
waited for some time before titration would lose a measurable amount 
of iodine. In 45 minutes standing the loss is about 1 per cent. 


Calculation 


ma chloride per liter plasma = 10 X ml. 0.02303 w thiosulfate 
Gm. NaCl per liter plasma = 0.5845 X ml. thiosulfate 


Analysis of Plasma Samples of 0.2 M1. 


Of plasma 0.2 ml. is mixed with 5 ml. of the phosphoric-tungstic acid 
reagent and 60 + 10 mg. of silver iodate in a 15 ml. centrifuge tube, and 
is shaken 40 seconds and centrifuged. The titrations are carried out on 
2 ml. aliquots of the supernatant with the 0.02303 n thiosulfate, with a 
3 or 5 ml. micro burette, after addition of 0.2 gm. of sodium iodide. 


Calculation 


ma chloride per liter plasma = 50 X ml. 0.02303 n thiosulfate 
Gm, NaCl per liter plasma = 2.923 X ml. thiosulfate 
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Analysis of Plasma Samples of 0.04 M1. 




























A solution of 0.01151 N thiosulfate is prepared by diluting the 0.02393 
N solution with an equal volume of water. 

Into a test-tube about 8 by 40 mm. measure 40 c.mm. of plasma, 1.000 
ml. of phosphoric-tungstic or phosphoric-picric acid solution, and 15 + 
3 mg. of AgIO;. Stopper, shake 40 seconds, and centrifuge. Transfer 
0.500 ml. of the supernatant solution to a short test-tube of 15 to 20 mm. 
diameter. Add 40 to 50 mg. of Nal, and titrate from a 2 ml. micro burette 
with 0.01151 N thiosulfate. 


Calculation 


mM chloride per liter plasma = 100 X ml. 0.01151 N thiosulfate 
Gm. NaCl per liter plasma = 5.845 X ml. thiosulfate 


If the pipette used for measuring the plasma sample is found on calibra- 
tion to deliver a volume deviating significantly from 40 c.mm., chloride 
values calculated by the above formulae are multiplied by the factor, 
40/v, where v is the actual number of ¢.mm. delivered by the pipette. 


Chloride Determinations in Folin-Wu (9) or Somogyi (10) 1:10 Filtrates 
of Plasma 


When protein-free filtrates have been prepared for other analyses by 
the Folin-Wu tungstice acid precipitation or Somogyi’s zine hydroxide 
procedure, it may be convenient to use them for chloride determinations. 
To use them, with the same reagents employed for the method described 
above, the following procedure may be employed. 

To 1 volume of 1:10 filtrate add 1.5 volumes of 0.15 m H;PO, solution, 
shake with AgIO; (0.3 gm. for 10 ml. of filtrate, 60 mg. for 2 ml. (Table I)), 
and centrifuge or filter. Samples of 10 or 2 ml. of supernatant solution 
are titrated with 0.02303 N thiosulfate, or 0.5 ml. is titrated with 0.01151 N. 
Since the volume of the reaction mixture per unit volume of plasma is 
25/26 as great as in the routine procedure described above, in which de- 
proteinization and reaction with AgIO; are simultaneous, the factors used 
are 0.962 times the factors used when the same volumes of supernatant 
solution are titrated in the routine analyses. When 10 or 2 ml. of super- 
natant are titrated, the ml. of 0.02303 Nn thiosulfate are therefore multi- 
plied by 96.2 and 48.1 respectively to obtain mm of choride per liter of 
plasma, and when 0.5 ml. is titrated the ml. of 0.1151 N thiosulfate are 
multiplied by 96.2. 


Analysis of Whole Blood 


For analysis of blood, picric instead of tungstic acid is used as protein 
precipitant. The phosphoric-picric acid reagent is prepared by dissolving 
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5 gm. of picric acid in a liter of water and adding 10 ml. of phosphoric 
acid. ‘The procedure is otherwise the same as that described for plasma. 


Analysis of Urine and Gastric Juice 


When urine or gastric juice is of ordinary chloride content, the pro- 
cedure and calculation are identical with those described for plasma. 

If, however, in low chloride urine or gastric juice, the chloride is so 
low that the titration indicates less than 50 mm of chloride per liter, the 
analysis is repeated with a sample 5 times as large, the amounts of the 
AgIO; and phosphoric-tungstic acid solution, and the volume of filtrate 
aliquot titrated, being kept the same. The factors previously given, 
by which ml. of thiosulfate used to obtain chloride values in analyses 
of plasma are multiplied, are for these larger samples multiplied by (1/5) 
xX (30/26) = 0.2308, since the sample is 5-fold greater and the number 
of volumes to which 1 volume of sample is diluted is increased from 26 to 
30. 
The resultant equations for use with the 5-fold larger samples of low 
chloride urine or gastric juice (or milk (see below)) are as follows: 

When 6 ml. of sample are mixed with 25 ml. of H;PO, solution and 0.3 
gm. of AgIO; and 10 ml. of filtrate from the mixture are titrated with 
0.02303 n thiosulfate, the calculation is 


mm chloride per liter = 2.31 X ml. thiosulfate 
Gm. NaCl per liter = 0.135 X ml. thiosulfate 


When / ml. of sample is mixed with 5 ml. of HsPO, solution and 60 mg. 
of AgIO; and 2 ml. of filtrate from the mixture are titrated with 0.02303 
N thiosulfate, the calculation is 


mM chloride per liter = 11.54 X ml. thiosulfate 
Gm. NaCl per liter = 0.675 X ml. thiosulfate 


When 0.2 ml. of sample is mixed with 1.0 ml. of H3PQ, solution and 
15 mg. of AgIO; and 0.5 ml. of the filtrate from the mixture is titrated 
with 0.01151 Nn thiosulfate the calculation is 


mM chloride per liter = 23.1 X ml. thiosulfate 
Gm. NaCl per liter = 1.35 X ml. thiosulfate 


Milk 


Since the chloride content of milk is only about one-fifth that of plasma, 
1 volume of milk is mixed with 5 volumes of phosphoric-tungstic or phos- 
phoric-picric acid solution, as in analysis of low chloride urine or gastric 
juice, and the calculations are as described above for such analyses. 
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Remarks 


In most types of analyses blanks can be used to test for impurities jp 
the reagents. In the AgIO; method for chlorides one cannot use blank 
analyses, run with water in place of plasma. In such a blank analysis an 
amount of IO;- would be dissolved equal to about 5 per cent of that ob- 
tained in a normal plasma analysis, according to the solubility of AgIO, in 
0.15 m H;PO, solution (Fig. 1), without excess IO; present. As shown by 
Sendroy, however, under the conditions of the analysis enough IO; is 
dissolved by the reaction AglO; + Cl- = AgCl + IO;- to depress to 
practically zero the solubility of AgIO;, according to the solubility equa- 
tion, Ag X IO;- = Kagio,. When the initial Cl- concentration in the 
mixture exceeds 3 ma, practically no IO;~ goes into solution except that 
which dissolves as a result of the reaction with Cl-. In the present an- 
alysis the function of a blank analysis, in correcting for impurities in re- 
agents, is fulfilled by the procedure of standardizing the thiosulfate solu- 
tion by reaction with standard chloride, with the same reagents employed 
in subsequent analyses. In case a new lot of reagents is used, the stand- 
ardization of the thiosulfate should accordingly be rechecked. 


EXPERIMENTAL 


The accuracy of the silver iodate procedure for chlorides has been demon- 
strated in exhaustive experiments by Sendroy (1, 2); hence we shall present 
only illustrative analyses. The solubility of AglO; was measured by 
Sendroy only at 25°; as it is convenient, in using the solubility as a test 
for AgIO; purity, to know solubility values over the range of room tem- 
perature, we have added the necessary data. 


Solubility of Silver Iodate in Water and in 0.15 m H;PO, Solution 
over Temperature Range from 19-—36° 


The silver iodate was precipitated as described by Sendroy (2) and was 
washed exhaustively with water, first by decantation, then on a Biichner 
funnel. It showed solubility values that were the same, whether the 
amount of AgIO; used was 10 or 40 mg. per ml. of solvent, and was there- 
fore judged to be sufficiently pure. 

The solubility determinations were made at three temperatures, ap- 
proximately 19°, 27°, and 36°, in rooms at these respective temperatures. 
For each determination the water and 0.15 Mm H;PO, solution used were 
brought to the room temperature, measured at desk level. 30 ml. of solvent 
and 0.3 gm. of AgIO; were placed in each of several centrifuge tubes. The 
tubes were stoppered and were shaken vigorously by hand for 1 minute. 
Longer shaking was found not to dissolve any more iodate. During the 
shaking the tubes were insulated from the hand by several layers of wool, 
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in order to prevent warming. Immediately after the shaking was finished, 
the temperature of the mixture was checked, and the tubes were centrifuged, 
in the same room, for 3 minutes. Aliquots of 10 ml. of the supernatant 
solutions were then treated with 0.5 gm. of Nal and titrated with 0.02303 
x thiosulfate from a 2 ml. burette. To acidify the solutions that had no 
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M1. 0.02303 N thiosulfate to titrate 10 ml. sat. AgI0g soln. 


0.4 


20 25 30 35 40 
Temperature 


Fic. 1. Solubility of silver iodate in water and 0.15 m H,PO, 


H;POQ,, 1 ml. of 1 N sulfuric acid was added to each aliquot. The results 
are given in Fig. 1. 


Results of Plasma Analyses with Different Protein Precipitants 


In Table II are given analyses carried out by the routine procedure 
described in this paper. In standardizing the 0.02303 Nn thiosulfate solu- 
tion used the procedure given for routine under “Reagents” was reversed: 
the solution was first standardized against 0.1 N KIO; solution, and after 














TaBLe II 
Analyses of Dog Plasma A 


1 ml. of plasma was shaken with 25 ml. of acid protein-precipitating solution 
and 0.3 gm. of AgIO; for 40 seconds. 10 ml. portions of centrifuged supernatant 
solution were titrated with 0.02303 n thiosulfate. 

Plasma chloride by HNO,-AgNO, digestion method (4) was 115.2 mm. 





Thiosulfate, to titrate 10 m!.' Plasma chloride calculated 


Protein-precipitating solution supernatant solution* from mean titration 


mil. mM per I. 


0.6% Na:WO,-2H;0 in 0.15 wm H,;PO, {11.67 
| 11.68 


fl. 


\1. 


0.2% picric acid in 0.15 m H,PO, fll. 


\1l. 
fil. 


{11. 


116.7 


Sg 


115.8 


S483 


* Duplicate titration values connected by brackets are on 10 ml. aliquots from 
the same supernatant solution from plasma + precipitant + AgIQs. 





TaBLe III 

Analyses of 1:10 Filtrates of Dog Plasma A 
10 ml. of each filtrate were mixed with 15 ml. of 0.15 m H,PO, and the mixture was 
shaken 40 seconds with 0.3 gm. of AgIO;. 10 ml. portions of centrifuged supernatant 
solution were titrated with 0.02303 n thiosulfate. 














1 volume plasma + 0.5 volume (12.10 


Tungstic acid; Folin- 
10% Na.WO, + 0.5 volume | (12.08 


Wu procedure (9) 


Thiosulfate Plasma 
to titrate chloride 
Precipitant Conditions of precipitation 10 ml. calculated 
supernatant from mean 
solution* | titration 
Saree: Lats at. =| gerd 
| 
0.67 n H,;SO, + 8 volumes f12.08 16.9 
H,O | 12.08 
Zine hydroxide; Acid ZnSO, + H,O + NaOH ) 11.99 
Somogyi procedure | as described by Somogyi {12.00 
(10) (11.99 115.3 
| \12.00 
Picric acid 1 volume plasma + 5 volumes {12.05 
1% picrie acid + HO to 10 \12.01 118.8 
volumes 12.05 : 
12.04 


| 











* Duplicate titration values connected by brackets are on 10 ml. aliquots of 
supernatant from the same AglIO,-plasma filtrate mixture. 
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being thus prepared was checked against 4 mm standard HC! solutions. 
Three standard 4 mm HCl solutions were used. They were prepared by 
diluting 0.1 N HCl to 2.5 volumes with, respectively, 0.15 m HPO, solu- 
tion, 0.15 m H;PO, + 0.6 per cent sodium tungstate, and 0.15 m H;PO, + 
0.2 per cent picric acid. The standardization against KIO; was checked 
exactly by the chloride solutions, except the one containing tungstate. 
This required 0.9 per cent more than the theoretical thiosulfate because of a 
slight contamination of the tungstate with chloride. The titration figures 
given in Table II for the tungstic acid filtrate are accordingly the observed 
figures multiplied by 0.991. 

In Table III are the results of analyses of the same plasma by the al- 
ternative procedure described for use with previously prepared 1:10 plasma 
filtrates. The titration figures given for the Folin-Wu tungstic acid filtrates 
are the observed figures multiplied by 0.994 to correct for chioride in the 
tungstate. This correction factor, found by control analyses of 0.1 N 
HCl with and without tungstate, agrees with the correction estimated 
from the fact that only two-thirds as much tungstate per ml. of plasma 
was used in preparing the Folin-Wu filtrates as was used in the tungstate- 
containing reaction mixtures of Table II. 

Control analyses were run by the nitric acid digestion method (4), with 
the modification that the digestions on the steam bath were continued 
overnight, as recommended by Eisenman (11), rather than the shorter 
time required for clearing given in the original paper (4). With dog plas- 
mas it has been found that chloride values 2 or 3 mm too low may be ob- 
tained unless the more prolonged digestion is used. 

In both Table II and III the plasma chloride values obtained with 
tungstic acid as protein precipitant are about 1 mm higher than with picric 
acid or zinc sulfate, or by the HNO;-AgNO; digestion method of Van Slyke 
(4). The precision of the individual analyses excludes manipulative 
error as a cause of the difference; also in replicate analyses of other plasmas, 
not reported here, in which both picrie acid and tungstate were used as 
protein precipitants the same difference of about 1 mm was regularly 
obtained. Sendroy ((2), pp. 391-392) also noted that tungstic acid filtrates 
gave higher results than Somogyi filtrates or than the HNO;-AgNO; di- 
gestion, and discussed the possibility that the volume taken up by the 
protein tungstate precipitate, which is neglected in the calculation, might 
be the cause of the difference. As is indicated by comparison of the results 
in Tables II and III, however, the results with tungstic acid are about 
the same, whether the proteins are precipitated in 1:10 dilution of the 
plasma (Table III) or in 1:26 dilution (Table IT). 

Results of recovery experiments did not indicate a significant effect 
of the volume of the protein tungstate precipitate. Addition of 100 mm 
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of chloride to plasma subjected to the routine procedure with phosphorie- 
tungstic acid solution as the medium gave recoveries from 99.5 to 100 per 
cent. If the volume of the protein tungstate precipitate had been signif- 
icant, one would expect that the recoveries would have been more than 100 
per cent. We remain uncertain of the cause of the slightly higher plasma 
chloride values obtained when tungstate is used, and are not entirely 
sure whether the results obtained with tungstate are nearer or further 
from the exact plasma chloride concentrations than the slightly lower 
results obtained with picric acid or zine hydroxide filtrates, although the 
latter consistently come closer to those of the HNO, digestion method. 
The difference is so small that it is immaterial for most purposes. 


TaBLe IV 


Comparison of Macro and Micro Analyses of Dog Plasma 


Macro analysis Micro analysis 
Time AglO: 1 ml. plasma + 25 ml. HsPO4-Na:WO, 0.03963 ml. plasma + 1.000 ml. 
was shaken with solution + 0.3 gm. AglO; HsPOy-Na2WO, solution + 15 mg. Agl0; 
lasma + . sania 
HsPOy-Na:WOx tic ada 5 : 
solution a N thiosulfate Plasma chloride 0.01511 N thiosulfate Plasma chloride 
0 titrate 10 ml ‘adic i to titrate 0.5 ml. sea 
filtrate indicates filtrate indicated 
sec mil. mM per |. mil. mM per |. 
40 11.83 118.3 1.185 119.6 
40 11.83 118.3 1.180 119.1 
60 1.173 118.4 
90 | | 1.170 | 118.1 
90 | l 
} | 


.184 118.5 


Comparison of Macro and Micro Analyses 


The results are given in Table IV. In the micro analyses the fact that 
the 0.04 ml. pipette delivered 0.03963 ml. made the factor by which ml. of 
thiosulfate were multiplied to obtain mm of plasma chloride 100.9 instead 
of 100. 


Changes in Chloride Concentration of Plasma Caused by Anticoagulants 
Added to Whole Blood 


A freshly drawn sample of normal human blood was divided into two 
parts. One part was permitted to clot and the serum was separated for 
analysis. 

The other part was divided into several portions to which anticoagulants 
were added, as indicated in Table V. These portions were then centrifuged 
and the plasma was separated from each for analysis. 

The chloride concentrations of the serum and of the different portions 
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of plasma were determined by analysis of 1 ml. portions by the method 
described in this paper. The results are given in Table V. 

In order to ascertain whether the effects of the oxalate and citrate on 
the chloride concentrations found in the separated plasma were due entirely 
to changes in distribution of chloride and water between cells and plasma, 
or were due to effects of these anticoagulants on the reaction between 
chloride and silver iodate, weighed amounts of dry oxalate and citrate 
were added to different portions of a dog serum, and 1 ml. aliquots were 
taken for chloride determinations. The results are given in Tab VI. 

The results in Table V show that ammonium oxalate and sodium citrate 
so affect the chloride distribution between cells and plasma that the plasma 


TABLE V 


Changes in Chloride Concentration of Human Plasma Caused by Adding Anticoagulants 
to Blood before Separation of Plasma from Cells 





! 
Anticoagulants used, in addition Amount added | Chloride concentration 








to 0.2 mg. heparin per ml. per ml. blood Degree of hemolysis found in plasma 
| mg. | mM per | 

None | 0.0 None 106.2 
106.0 
Ammonium oxalate l " 104.1 
103.9 
sty ” 5 Slight | 99.4 
99.5 
Potassium ° 1 " 105.5 
105.5 
" “ 5 | Marked | 104.4 
104.4 
Sodium citrate 5 " | 100.0 
| | 100.0 


Serum from the same blood showed 105.3, 105.5 mm of Cl per liter. 


chloride concentration is lowered, to the extent of about 1 per cent for 
each mg. of ammonium oxalate or sodium citrate added per ml. of whole 
blood. The effect of potassium oxalate is only about one-fifth as great. 

The results in Table VI show that none of these anticoagulants added 
to serum already separated from cells has any effect on the results of chlo- 
tide analyses by the silver iodate method. The effect on plasma chloride 
values of the anticoagulants added to whole blood is attributable entirely 
to the effect on the chloride distribution between cells and plasma, and 
not to any decrease in the accuracy of the analysis of the separated plasma. 

The results in Table V indicate that when plasma is to be analyzed 
for chloride heparin or potassium oxalate is to be used as anticoagulant 
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rather than sodium citrate or ammonium oxalate, and that it is desirable 

not to add more potassium oxalate than 1 or 2 mg. per ml. of blood. 
Effect of Standing Before Titration in Open 50 ML. Flask after Adding 

Sodium Iodide—A series of 10 ml. portions of 0.025 n KIO; were mixed 


TaBLe VI 


Non-Effect on Chloride Determinations of Anticoagulants Added to Serum 
after Its Separation from Cells 


Chloride concentration 


Anticoagulant added Amount added per ml. found in serem 

mg. mM per |. 
None 0 115.0 
115.3 
Ammonium oxalate 5 115.3 
115.3 
Potassium ™ 5 115.5 
115.4 
Sodium citrate 5 115.3 
115.3 

TasB_Le VII 
Effect of Standing in Open 50 MI. Flask after Adding Sodium Iodide before 
Titration 
Solution titrated Time after adding 0.02303 N thiosulfate 
pyar , = Nal titrated 
Material Amount 
ml. min ml. 
0.025 n KIO; 10 l 10.80* 

10 4 10.85 

10 15 10.83 

10 105 10.90 

Plasma filtrate | 10 0 9.92 

10 6 9.92 

10 85 9.71 


10 86 9.67 


* Theoretical, 10.83. 


each with 5 ml. of 1 nN H.SO,, and 0.5 ml. of concentrated Nal solution. 
At intervals after addition of the Nal the contents of the flasks were titrated 
with 0.02303 n thiosulfate solution. The results (Table VII) show no 
loss of iodine on standing as long as 115 minutes. For comparison, plasma 
was diluted with 25 volumes of phosphoric-tungstic acid solution, shaken 
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with silver iodate, and centrifuged as in routine analyses, and 10 ml. ali- 
quots of the supernatant solution were treated with Nal and let stand 
for varying intervals before titration. There was a decrease in the amount 
of titration with 0.02303 N thiosulfate solution at the rate of about 0.13 
ml. per hour; letting the Nal-treated filtrate stand 45 minutes before 
titration would lower the plasma chloride obtained by 1 mm. From the 


Taste VIII 
Analysis of Cow’s Milk 
AglIO; Method 
5 ml. of milk, 25 ml. of phosphoric-tungstic acid or phosphoric-picric acid, and 0.3 
gm. of Ag'O; shaken 40 seconds. Supernatant aliquots of 10 ml. titrated with 0.02303 
n thiosulfate. 





Reaction medium | Thiosulfate used in titration | Chloride found 


mil. mM per |. 
0.6% Na:,W0,-2H.0 in 0.15 m HPO, | (14.06 
| \14.08 
{14.06 
\ 14.06 
14.06 (Mean) | 
0.2% picric acid in0.15mH;PO, | {14.15 | 
\14.15 
{14.15 
\ 14.15 | 
14.15 (Mean) | 32.7 


32.5 


HNO,-AgNO; Digestion Method (4) 
1 ml. of milk + 3 ml. of 0.05 n AgNO; in HNO; digested 6 hours on steam bath. 

















0.05 n AgNOsz equivalent to Cl Chloride found 
ml. SUT = otaaiae ma perl. a= ; 
1.62 32.4 
1.62 | 32.4 
1.61 


32.2 





fact that a measurable amount of iodine disappears in an hour from the 
plasma filtrate but not from KIO; solution, after treatment with Nal, 
it appears that the filtrate from plasma contains substances which slowly 
reduce iodine. The reducing substances that react with iodine do not 
react with iodate: it was found, in confirmation of Sendroy (2), that protein- 
free filtrates from plasma-AgIO; reaction mixture could stand 20 hours 
without decrease in the 10;- measured, provided NaI was not added till 
just before the titration with thiosulfate. 
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Analysis of Milk 


The results of parallel analyses by the AglO; method and by the nitrie 
acid digestion method are given in Table VIII. 


SUMMARY 


Sendroy’s iodometric chloride method, based on titration of the 10; 
dissolved by the reaction, AglO; + Cl- = I0;- + AgCl, is simplified for 
application to protein-containing fluids (plasma, urine, gastric juice, 
milk) by adding an acid protein precipitant (tungstic or picric acid) to 
the medium in which the reaction occurs, so that the reaction and de- 
proteinization are simultaneous. An analysis can be completed in about 
6 minutes. Micro analyses can be done with 0.04 ml. or less of plasma. 

The solubilities of silver iodate in water and in 0.15 m phosphoric acid 
solution have been determined over the temperature range 19-36°. 

In preparing plasma for chloride determination, it is preferable to use 
heparin or potassium oxalate (1 or 2 mg. per ml. of whole blood) as antico- 
agulant. Ammonium oxalate and sodium citrate are less desirable because 
they cause chloride and water shifts between plasma and cells that lower 
the plasma chloride concentration about 1 per cent for each mg. of either 
of these anticoagulants added per ml. of blood. The effect of potassium 
oxalate is only about one-fifth as great. 
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BIOLOGICALLY ACTIVE INSULIN SULFATE* 


By MARY BETH GLENDENING, DAVID M. GREENBERG, anno HEINZ 
FRAENKEL-CONRATT 


(From the Division of Biochemistry, University of California Medical School, Berkeley) 
(Received for publication, October 23, 1946) 


The preparation of chemical derivatives of insulin by treatment with 
concentrated sulfuric acid at low temperatures has been described by Reitz, 
Ferrel, Fraenkel-Conrat, and Olcott (1). Chiefly, it was found that the ali- 
phatic hydroxy] groups were converted to acid sulfate ester groups (R—-O— 
$0;-). Part of the phenolic groups of tyrosine also participated in 
the reaction. Phenol sulfate esters were formed if the reaction mixture 
was kept cold throughout, whereas some sulfonate formed if the mixture 
was allowed to come to room temperature before being poured over ice 
and neutralized. 

In the present study determinations of the blood sugar-lowering ac- 
tivities of these preparations are reported. They show that complete sul- 
fation of the aliphatic hydroxyl and partial sulfation of the phenolic hy- 
droxyl groups did not markedly affect the hormonal activity. Bischoff 
and Sahyun (2) found that the product obtained by treating insulin with 
concentrated sulfuric acid at —5° to +5° had approximately half the 
activity of the original insulin. This partial inactivation may have been 
due to the fact that these authors isolated the protein after the reaction 
mixture was poured over ice directly from the acid solution without neu- 
tralization. The nature of the reaction was not determined. 


Methods and Materials 


The crystalline zinc insulin was kindly supplied by Eli Lilly and Com- 
pany. The sulfations were carried out by R. E. Ferrel,! as previously 
described (1). The amount of sulfate liberated by acid hydrolysis served 
as evidence for the complete sulfation of the aliphatic hydroxyl groups. 
The participation of the phenolic groups in the reaction was studied by 
means of the Folin phenol reagent. Both the tyrosine o-sulfate and the 
sulfonate show greatly reduced chromogenic values; they can be differen- 
tiated, however, by repeating the analyses after acid hydrolysis which 
regenerates tyrosine from the sulfate but not from the sulfonate (1). The 

* Aided by grants to D. M. Greenberg from the John and Mary R. Markle Founda- 
tion and the Christine Breon Fund for Medical Research. 


t On the staff of the Western Regional Research Laboratory, Albany, California. 
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data previously obtained on the effect of sulfation on the chromogenic of 

activity of the intact protein have recently been substantiated by analyses ros 
performed after enzymatic hydrolysis. About 10 mg. of protein were 
incubated with 0.5 ml. of an extract of 10 mg. of pancreatin in 10 ml, 

of water at pH 8 for 2 to 3 days. After such hydrolysis insulin gives a | 

alt! 

TABLE I orth 

Blood Glucose Following Administration of Preparations of Insulin Sulfate die 

Blood glucose, mg. per 100 ml. of | 

Hrs. 100 y 530 237 unl 

after - - " - thu 

ee —— Sulfate A —s Crystal- — Crystal- | Insulin | Insulin net 
a Sulfate C} ; DE. |Sulfate Al , line | | Sulfate Salles 
Rati | Rat2 | Rati | Rat2 ae poe) ie © app 
eu, ~~ esse 
0 100 108 104 107 104 126 109 127 153 | 123 acet 
2 | 2 | 35 | 36 |Dead| 27 | 49 | 6 | 49 | 68 | 8 Thi 
4 29 | 36 | Dead 36 44 | «Si 0 | 65) 44 : 
8 Dead | 39 45 39 42 grot 
—_—— ee —— — com 
6.25 y 6.25 ¥ 6.86 ¥ 6.25 + of p 
Crystalline insulin Insulin — Insulin pm lishe 
2 oy Pal _| Sulfate ; Sulfate ae (5) 
Rat 1 Rat 2 Rat 3 Rat1 Rat 2 ‘ Rat 1 Rat? 
0 116 117 109 101 108 111 89 136 TI 
61 76 41 87 78 88 90 90 phys 
2 41 82 38 58 58 48 81 125 85 sible 
4 47 71 52 35 73 31 70 137 | 8% 
8 109 of th 
‘tise rant 

Insulin Sulfate A and B were obtained after treating crystalline insulin with 
concentrated sulfuric acid for 15 minutes at —18°; Insulin Sulfate C by mixing 
crystalline insulin with concentrated sulfuric acid at —18° and then permitting the 
mixture to come to room temperature. Th 

The crystalline insulin contained 14.5 per cent nitrogen, insulin sulfate 13.2 ester 
per cent. 

The dosages of Insulin Sulfate A and C were of the same weight as those of crystal- *T 
line insulin. The dosages of Insulin Sulfate B were equivalent in mg. of protein Culha 
nitrogen to the dose of crystalline insulin. agree 

in the 

. ' — . tothe 
Folin value in agreement with its known tyrosine content (12.2 per cent), kel-C 
while the gently sulfated preparation appears to contain only 8.4 per af jas 
cent tyrosine; after acid hydrolysis this value rises to 11.7 per cent. the pr 

The preparations were assayed by subcutaneous injection into fasted inactir 
rats weighing 150 to 210 gm., kept under nembutal anesthesia. Samples a 
of blood were collected from the snipped end of the tail at definite intervals = 
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of time. Blood glucose was determined by the method of Folin and Malm- 
ros (3) modified for the use of the Klett-Summerson photocolorimeter. 


RESULTS AND DISCUSSION 


As Table I shows, both sulfated derivatives appear to be quite active, 
although the product in which some sulfonation had occurred seems some- 
what less active than those prepared under milder conditions. Chemical stu- 
dies have shown the alkyl sulfate ester bond to be stable over a wide range 
of pH (1). Thus a regeneration of free insulin in the body appears unlikely 
unless the occurrence of a specific enzyme is postulated. These results 
thus indicate that neither (1) the aliphatic hydroxyl groups, nor (2) the 
net charge, nor (3) the ratio of acid to basic groups of the insulin molecule 
appears to play a rdéle in determining its biological activity. The non- 
essentiality of the amino groups has previously been demonstrated, but 
acetylation of the tyrosine groups caused progressive inactivation (4). 
This is in contrast to the lack of effect of partial sulfation of the phenolic 
groups, but the phenol sulfates are quite labile in acid and may even de- 
compose under physiological conditions. The réle of two further types 
of protein groups for the activity of insulin appears to have been estab- 
lished. Reduction of the disulfide bonds causes irreversible inactivation 
(5). Methylation of the carboxyl groups through the action of acid aleohol 
causes inactivation which is largely reversible by gentle alkaline hydrolysis.* 

The possibility of preparing an insulin derivative of extensively changed 
physicochemical properties would appear of both theoretical and pos- 
sible practical significance. In particular, the properties of the complexes 
of this very acidic protein with protamine or globin would appear to war- 
rant close investigation. 


SUMMARY 


The biological activity of the isolated neutral salt of the acid sulfate 
ester of insulin has been shown to be similar to that of crystalline insulin, 


* The inactivating action of acid alcohol was attributed to esterification by Carr, 
Culhane, Fuller, and Underhill (6). Later work by Charles and Scott (7) did not 
agree with this interpretation, mainly because of apparent similar methoxyl contents 
inthe control and esterified samples. It would appear that this phenomenon was due 
tothe difficulty of removing non-ester-bound methyl alcohol by drying alone. Fraen- 
kel-Conrat and Olcott (8) have demonstrated the esterification of the carboxyl groups 
of insulin analytically. A few determinations of biological activity performed by 
the present authors have confirmed the earlier work quoted above in regard to both 
inactivation and reactivation, while methoxyl analyses of the preparations obtained 
according to Charles and Scott, but freed from unbound methyl alcohol by means 
of humidification, gave values of 2.61 and 0.12 per cent for the inactive and alkali- 
reactivated preparations, respectively. 














although nearly all of the aliphatic hydroxyl groups are involved in very 
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stable acid sulfate ester linkages (R—-O—SO>;-). 


ore SW bo 


com | 


BIBLIOGRAPHY 


. Reitz, H. C., Ferrel, R. E., Fraenkel-Conrat, H., and Oleott, H. 5., /. Am. Chem. 


Soc., 68, 1024 (1946). 


. Bischoff, F., and Sahyun, M., J. Biol. Chem., 81, 167 (1929). 

. Folin, O., and Malmros, H., J. Biol. Chem., 83, 115 (1929). 

. Stern, K. G., and White, A., J. Biol. Chem., 122, 371 (1937-38). 

. du Vigneaud, V., Fitch, A., Pekarek, E., and Lockwood, W. W., J. Biol. Chem., 


94, 233 (1931-32). 
Carr, F. H., Culhane, K., Fuller, A. T., and Underhill, 8. W. F., Biochem. J., 
23, 1010 (1929). 


. Charles, A. F., and Scott, D. A., J. Biol. Chem., 92, 289 (1931). 
. Fraenkel-Conrat, H., and Olcott, H. 8., J. Biol. Chem., 161, 259 (1945). 








By 
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Wisconsin, Madison) 


(Received for publication, October 3, 1946) 


The enzymatic oxidation of reduced glutathione through a cytochrome 
e-linked system by a cell-free preparation of mouse kidney has been re- 
ported previously (1). Neubeck and Smythe (2) have reported the use of 
guinea pig liver to hydrolyze glutathione enzymatically with the liberation 
of cysteine ; this system has been reviewed recently by Smythe (3). 

In this contribution the relative rates of enzymatic hydrolysis and oxida- 
tion of glutathione are investigated and the activities of cytochrome oxi- 
dase and the glutathione oxidase system are compared in several tissues of 
mouse and guinea pig. 


Methods 


Normal guinea pigs and white mice were maintained on stock ration! 
and water ad libitum. With the experimental conditions previously out- 
lined (4, 5), a tissue homogenate was prepared in either water or neutral 
sodium phosphate buffer by means of the device described by Potter and 
Elvehjem (6). Whenever the Warburg respirometer was employed to 
determine enzymatic activity, a cell-free preparation (1) was obtained 
by centrifugation of a water homogenate and used immediately to mini- 
mize enzymatic inactivation (7). Dry weights of tissue samples were 
obtained by heating to constant weight in open crucibles in an electric 
oven at 110°. A delicate torsion balance was used in all cases to determine 
tissue weights. A conventional Warburg constant volume respirometer at 
37.0° was used to determine the activities of both glutathione oxidase and 
cytochrome oxidase (with ascorbate as substrate). 

The activity of the glutathione oxidase system was determined by the 
method of Ames and Elvehjem (1) The components of the final reaction 
mixture (pH 7.6) are as follows: 0.40 ml. of 0.25 m sodium phosphate 

* Published with the approval of the Director of the Wisconsin Agricultural 


Experiment Station. These studies were aided by a grant from the Rockefeller 
Foundation. 
t Present address, Research Laboratories, Distillation Products, Inc., Rochester, 
New York. 
‘Rockland guinea pig diet, vitamin C-fortified, Arcady Farms Milling Company, 
Chicago, Illinois. 
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buffer (pH 7.6), 0.20 ml. of 2 X 10-4 mM cytochrome c, 3.0 mg. of reduced 
glutathione, the desired amount of cell-free preparation, and glass-redigs- 
tilled water to yield a final volume of 3.00 ml. The gas phase was air, 
and 0.20 ml. of 10 per cent NaOH and a small strip of filter paper were 
placed in the center well to absorb CO,. Three or more levels of tissue 
were tested in all cases. The maximum oxygen uptake per hour was 
plotted for each level and extrapolated to zero tissue concentration in 
order to correct for autoxidation of glutathione. 

Cytochrome oxidase activity was determined by the method of Schneider 
and Potter (8) with ascorbate as substrate. The components of the final 
reaction mixture (pH 7.4) are as follows: 0.40 ml. of 0.25 m sodium phos- 
phate buffer (pH 7.4), 0.50 ml. of 2 X 10~* cytochrome c, 0.30 ml. of 0.114 
mM ascorbic acid (neutralized to pH 7.4 with NaOH), 0.10 ml. of 0.012 
AICl;, the desired amount of cell-free preparation, and glass-redistilled 
water to yield a total volume of 3.00 ml. The gas phase was air, and 0.20 
ml. of 10 per cent NaOH and a small strip of filter paper were placed in the 
center well to absorb CO,. Three levels of tissue were tested in all cases. 
To correct for autoxidation of ascorbate, the maximum oxygen uptake per 
hour was plotted for each level and extrapolated to zero tissue concentra- 
tion. 

All solutions were prepared with glass-redistilled water and neutralized, 
if necessary, to pH 7.4 with dilute NaOH. Glutathione and ascorbic acid 
solutions were neutralized just before addition to the side arm of the reae- 
tion vessel. Substrates were always added from the side arm after a 20 
minute period to provide a uniform incubation time and to permit the flask 
contents to reach equilibrium. 

The hydrolysis of glutathione was studied by a modification of the 
method of Neubeck and Smythe (2) which is based on an increase in iodine 
titration values with incubation. Guinea pig liver or mouse kidney was 
homogenized in 0.067 m sodium phosphate buffer to yield a 1:6 homogenate. 
For each ml. of homogenate, 2 mg. of reduced glutathione were added, and 
the pH of the mixture was raised to 8.7 with sodium barbital (veronal) 
buffer of approximately 0.5 m2 The total volume of the reaction mixture 
was measured and a suitable portion of it was placed in a large test-tube, 
the tube evacuated, and nitrogen introduced to maintain anaerobic con- 
ditions. The remaining mixture was loosely covered to prevent excessive 
evaporation and constituted the portion under aerobic conditions. Glu- 
tathione and homogenate were mixed at zero time; aliquots containing the 
equivalent of 2.54 mg. of glutathione were withdrawn at intervals and de- 
proteinized in centrifuge tubes containing 0.50 ml. of 10 per cent HPOs. 


? The buffer was prepared by adding a small quantity of sodium acetate to 0.50 M 
sodium barbital solution, and the pH was then adjusted to 11.3 with 2 n NaOH. 
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After centrifugation, the supernatant was decanted and made up to a 
volume of 3.00 ml. with 3 per cent HPO;. The solution was then titrated 
with 0.001 m iodine in 0.0013 m potassium iodide with 0.10 ml. of 18 per 
cent starch. 

Commercially prepared compounds were used as follows: sodium suc- 
cinate, Merck; U.S. P. ascorbic acid, Merck; c.p. AlCl;; pure, crystalline, 
reduced glutathione, Eastman Kodak; reagent NaOH, Merck; U. 8. P. 
sodium diethyl barbiturate (barbital sodium), Merck; reagent sodium 
acetate, Merck; U. 8S. P. KI, Mallinckrodt; U. 8. P. resublimed iodine, 
Merck; and analytical reagent metaphosphoric acid, Mallinckrodt. c.p. 
NasxHPO, + 12H.O and c.p. NaH,PO, + H,O were recrystallized from 
glass-redistilled water. (Cytochrome ¢ was prepared in these laboratories 
(9) and had been dialyzed against glass-redistilled water. 


TABLE I 


Typical Results Showing Activities of Glutathione Oxidase and Cytochrome Oxidase in 
Several Tissues 





‘Maximum oxygen nile c.mm., per hr. chinieatielt for cuneate of erware 























"Glutathione euliest Cytochrome oxidase 
Tissue Cell- | Tissue added | Cell- Thain added 
| Dry free —- . free pre-- —— 
weight prepara-| 1.99 | 0.75 | 0.50 | 0.25 | para- | 0.50 | 0.30 | 0.20 | 0.10 | 0.98 
| | ton | mi. | ml. | mi. | mi. | tion | mi. | mi. | mi. | mi. ml. 
a ee ee KEE, Pie ca Tihets Reed few wowed | 
| per cent per cent | per cent 
Messe kidney.......| 21 | 0.20 | 52 25 | 15 | 0.33 82/42 | 15 
= fiver..........1 28 | 2.00 | 24; 19) 18 | 0.33 | 113 58 | 40 
Guinea pig kidney. 20 | 2.00 30 20) 10 
” a. oe | 26 | 2.00; 5 |; 8) 1) 0.33 | 49) 29) 17 | 
Results 


The activity of the glutathione oxidase system (Table I) in mouse kid- 
ney is easily demonstrated (1) but it is present in only small amounts in 
mouse liver and in guinea pig liver and kidney. A 20-fold increase in the 
concentration of guinea pig kidney and mouse liver over that of mouse 
kidney is required for approximately equal oxygen uptakes. In the case 
of guinea pig liver a 40-fold increase in tissue concentration is not sufficient 
to raise the oxygen consumption to that of mouse kidney. 

Cytochrome oxidase activity, previously reported in mouse kidney (9), 
was determined in the liver of both mouse and guinea pig. To yield simi- 
lar oxygen uptakes mouse and guinea pig liver require a 2-fold and 4-fold 
increase, respectively, when compared with mouse kidney. 

When the enzymatic hydrolysis of glutathione in mouse kidney was in- 
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vestigated, no activity could be demonstrated, as is shown in Table II. 
The titration values continued to decrease with increase in time. This 
effect may be attributed to oxidation of glutathione by the glutathione 
oxidase system or perhaps simply to autoxidation. When anaerobic con- 
ditions were maintained, the decrease in titration values was considerably 
reduced. If guinea pig liver is employed as the source of the enzyme, an 
increase in titration values is noted for the first 60 to 90 minutes. This 
increase occurs both aerobically and anaerobically but the values are higher 
under the latter conditions, especially after the Ist hour. Duplicate 
samples are desirable, since the end-point is not sharp and fades quickly, 
Although the values in Table II are not exactly reproducible when different 
individuals of a species are used, the same trend was always observed witha 
given tissue. In the absence of tissue but with glutathione present, the 


TABLE II 
Typical Results Showing Enzymatic Hydrolysis of Glutathione in Several Tissues 





Titration with 0.001 « KI (in 0.0013 uw KI) (ml.) 





Liver present, GSH GSH present, liver 





hyeaiysis® Mouse kidney Guinea pig liver ahaeat absena 

Aerobic Anaerobic Aerobic | Anaerobic| Aerobic Anaerobic Avie oor 

min a 

20 7.75t 8.85T 6.90 6.90 

30 1.08 0.93 | 3.73 | 3.68 

60 5.79 7.25 8.10 9.67 0.94 0.98 3.30 | 3.60 

90 4.43 10.59 3.12 3.44 

120 9.30 0.90 0.90 2.85 3.40 


* Glutathione and homogenate mixed at zero time. 
t Interpolated values. 


titration values steadily decrease, again more rapidly under aerobic con- 
ditions. The amount of iodine required is considerably less than in the 
presence of tissue, which indicates that reducing groups in the tissue are 
being oxidized. When glutathione is omitted and guinea pig liver is used 
as a source of tissue, the titration values are about one-third the amounts 
required for glutathione in the absence of tissue. 


DISCUSSION 


The possibility that the enzymatic oxidation of glutathione is due solely 
to the direct action of cytochrome oxidase had to be considered, in spite 
of previous preliminary positive data (1) which indicated that another 
enzyme was involved. A comparison of the two activities in different 
tissues (see Table 1) indicates that, while mouse kidney is most active in 
both systems, the rates do not parallel each other. Therefore, the action 
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of cytochrome oxidase alone cannot account for glutathione oxidation, 
and an additional controlling enzyme must be postulated. 

When the hydrolysis of glutathione was studied with essentially the 
method of Neubeck and Smythe (2), activity was apparent in guinea pig 
liver but not in mouse kidney. This may be compared with the data of 
Neubeck and Smythe, indicating that rat liver showed only 2 to 5 per cent 
activity when guinea pig liver was designated to have a relative activity 
of 100 per cent. Since glutathione oxidase is most active in mouse kidney, 
a tissue with no apparent hydrolytic activity, two separate mechanisms 
are probably involved. This eliminates the possibility of the formation of 
an active cysteine-copper complex (10)* as the active catalyst responsible 
for the oxidation of glutathione. The evidence indicates that there are 
two enzymes responsible for glutathione oxidation and for glutathione 
hydrolysis and that they are not interrelated. 


SUMMARY 


1. Mouse kidney exhibits much higher glutathione oxidase activity than 
the other tissues tested; namely, mouse liver and guinea pig kidney and 
liver. 

2. The activity of cytochrome oxidase (ascorbate), while higher in mouse 
kidney than in mouse liver and guinea pig liver, does not parallel gluta- 
thione oxidase activity. 

3. Glutathione oxidation cannot be explained solely by the action of 
cytochrome oxidase, and therefore an additional controlling factor must 
be postulated. 

4. Guinea pig liver contains an enzyme capable of hydrolyzing gluta- 
thione, but this reaction cannot be demonstrated in mouse kidney. 

5. Since glutathione oxidase is most active in mouse kidney, a tissue with 
no apparent hydrolytic activity, two entirely separate enzymatic mecha- 
nisms must be involved. 
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TRANSAMINASE AND PYRIDOXINE DEFICIENCY* 


By STANLEY R. AMES,7 P. S. SARMA, anv C. A. ELVEHJEM 


(From the Department of Biochemistry, College of Agriculture, University of 
Wisconsin, Madison) 


(Received for publication, October 14, 1946) 


The réle of vitamins in enzymatic systems has been examined fre- 
quently by the determination of enzymatic activities in animals maintained 
on a vitamin-deficient ration. The indication that pyridoxal phosphate 
functions as the prosthetic group of transaminase offered an excellent 
opportunity to test this relationship in the case of another vitamin and to 
devise more stringent criteria for the deficiency method of relating vita- 
mins and enzymes. This study of the effect of a pyridoxine deficiency on 
transaminase was facilitated by the use of an improved vitamin Be-de- 
ficient ration developed in this laboratory. 

While studying the reversible in vitro interconversion of pyridoxal and 
pyridoxamine, Snell (1) first suggested that vitamin Bs was concerned in 
biological transamination. Schlenk and Snell (2) suggested that vitamin 
B, may function as cotransaminase, owing to the fact that the tissues of 
vitamin B,-deficient rats were low in transaminase and also that pyridoxal 
and pyridoxamine plus adenosine triphosphate (ATP) had the ability to 
reactivate partially the deficient system in six out of nine trials. These 
conclusions and the experimental method employed have been strongly 
criticized (3), but the experimental basis for this criticism was later shown 
to be in error (4). Schlenk and Fisher (5), on the basis of isolation ex- 
periments, indicated that vitamin Bs was involved in glutamic-aspartic 
transaminase. Leloir and Green (6) isolated two transaminase systems 
and reported that there was no vitamin Bg present, but later Green ef al. 
(7) presented evidence which points to pyridoxal phosphate as cotrans- 
aminase. 

This investigation confirms and extends the findings of Schlenk and Snell 
(2). Observations are made concerning transaminase and succinic oxidase 
in normal and vitamin Bg-deficient rats, both with and without the addi- 
tion of various members of the vitamin Bs complex and their phosphates. 


* Published with the approval of the Director of the Wisconsin Agricultural Ex- 
periment Station. These studies were aided by a grant from the Rockefeller Founda- 
tion. Presented before the Division of Biological Chemistry of the American Chemi- 
cal Society at Chicago, September, 1946. 

t Present address, Research Laboratories, Distillation Products, Inc., Rochester, 
New York. 
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Methods 


Albino rats, obtained from Sprague-Dawley, were placed on experi- 
ment at weaning age. One group of rats was fed the vitamin Be-deficient 
ration developed by Sarma, Snell, and Elvehjem (8), and a group of con- 
trol animals was fed the same diet plus 150 y of pyridoxine hydrochloride 
per 100 gm. of ration. The dry weights of samples were determined by evap- 
orating to constant weight in open crucibles in an electric oven at 110°. 

Transaminase values were determined by the method of Ames and Elve- 
hjem (9), which measures the oxalacetic acid formed in a reaction mixture 
containing l-aspartic acid, a-ketoglutaric acid, and tissue homogenate. 
The components of the final reaction mixture are 0.50 ml. of 0.25 m sodium 
potassium phosphate buffer (pH 7.3), 0.50 ml. of 0.20 m sodium aspartate, 
0.50 ml. of 0.10 m sodium a-ketoglutarate’ (one side arm), the desired 
amount of tissue homogenate in 0.10 m sodium phosphate buffer (pH 7.3), 
and a sufficient quantity of this same 0.10 m buffer to yield a total reaction 
volume of 2.50 ml. The transaminating reaction was allowed to proceed 
for exactly 10 minutes and was stopped by the addition of 0.50 ml. of 
aniline citrate reagent from asecond side arm. The carbon dioxide evolved 
is a measure of the oxalacetic acid formed in this reaction. Corrections 
were applied for both the carbon dioxide arising because of the addition 
of tissue homogenate and the carbon dioxide evolution at zero tissue con- 
centration obtained by extrapolation. In experiments in which the ex- 
tent of reactivation effected by various members of the vitamin Bg com- 
plex was determined, these solutions were added at the expense of the 
0.10 m phosphate buffer. 

Succinic oxidase was determined by the method of Schneider and Potter 
(10) and solutions to be tested for possible reactivation were added at the 
expense of the water. 

Solutions were made up in glass-redistilled water as follows: pyridoxine 
monohydrochloride, Merck, 100 y per ml.; pyridoxal monohydrochloride, 
Merck, 100 y per ml.; pyridoxamine dihydrochloride, Merck, 100 y per 
ml.; pyridoxal phosphate (as dibarium salt),? 100 y per ml.; pyridoxamine 
phosphate,* 100 y per ml.; ATP, 0.75 m (weighed as dibarium salt but with 
barium removed by precipitation as sulfate). 

! Appreciation is expressed to Professor R. H. Burris for a generous sample of e- 
ketoglutaric acid. 

? Obtained from Professor I. C. Gunsalus through the courtesy of Professor E. E. 
Snell. The dibarium salt was weighed out and the barium removed by precipitation 
with sodium sulfate. After acid hydrolysis, the solution contained 34 7 per ml. 
of pyridoxal, as determined microbiologically by Jesse C. Rabinowitz. 

? Prepared from the above solution of pyridoxal phosphate by autoclaving with 
glutamic acid, as proposed by Snell in a private communication, on the basis of the 
analogous reaction which occurs with pyridoxal (1). 
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Fic. 1. Effect of vitamin Be-deficiency on transaminase activities and dry weight 
determinations of heart muscle from albino rats. Curves I and IV, O, normal; 
transaminase activities and dry weights respectively of tissues from rats receiving 
adequate vitamin Bs. Curves II and V, 0, deficient; transaminase activities and 
dry weights respectively of tissues from rats placed at weaning age on a diet deficient 
in vitamin Bs. Curves III and VI, A, converted; transaminase activities and dry 
weights respectively of tissues from rats receiving adequate vitamin B, from 4 to 
6 weeks after being depleted for a period of 4 weeks. Average standard deviations 
of the experimental determinations are Curve I, ¢ = 16.9; Curve II,o = 11.9; Curve 
III, ¢ = 5.3; and Curves IV, V, and VI, « = 0.42. 
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Fic. 2. Effect of vitamin Bs deficiency on transaminase activities and dry weight 
determinations of kidney cortex from albino rats. Curves I and IV, O, normal; 
transaminase activities and dry weights respectively of tissues from rats receiving 
adequate vitamin Bs. Curves II and V, 0, deficient; transaminase activities and 
dry weights respectively of tissues from rats placed at weaning age on a diet deficient 
in vitamin B.; Curves III and VI, A, converted; transaminase activities and dry 
weights respectively of tissues from rats receiving adequate vitamin Bs from 4 to 6 
weeks after being depleted for a period of 4 weeks. Average standard deviations 
of the experimental determinations are as follows: Curve I, « = 4.2; Curve II, ¢ = 
2.5; Curve III, ¢ = 4.3; and Curves IV, V, and VI, ¢ = 0.57. 
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Results 


Preliminary experiments indicated that rats maintained 6 weeks on q 
vitamin B,-deficient ration had low levels of transaminase in all tissues 
examined; i.e., heart, kidney, liver, brain, and skeletal muscle. Heart 
muscle and kidney cortex were arbitrarily selected as the tissues to be 
utilized in a careful study of the effect of a vitamin Bg-deficient diet on 
transaminase activity. 

The results obtained by determining the transaminase activity in each of 
the two experimental groups at 2 week intervals are indicated in Figs. 1 
and 2 for heart and kidney tissue respectively. Over the 6 weeks experi- 
mental period, the animals receiving a vitamin B, supplement maintained 
their initial transaminase activity, whereas the animals on the vitamin B,- 
deficient ration had transaminase activities of about 40 per cent of the con- 


TABLE [ 


Succinic Oxidase and Pyridoxine Deficiency 


| | Kidney cortex Heart muscle 


inet F ° No. of wks. | — — - ———— 

Description of animals on diet | 0, No. of ani oat No. of ani 
Adequate pyridoxine....... | 6 198 | 4 148 3 
CREE Cn cccccesesesce.§ 6© 143 3 
Pyridoxine-deficient......... | 6 143 4 128 4 
- as Caen ot 4-5 138 4 
OME: itblnn iene 10-12 183 2 127 4 


* Albino rats were placed on indicated diets at weaning age. 
t Albino rats receiving adequate pyridoxine from 4 to 6 weeks, after being pre- 
viously depleted on a deficient ration for a period of 4 weeks. 


trol values. The decrease in enzymatic activity is most rapid during the 
initial 2 week period. 

One group of animals was transferred at the end of 4 weeks from the vita- 
min Be-deficient ration to the ration supplemented with pyridoxine. A 
marked increase in transaminase activity was noted but the level of activ- 
ity observed in these rats did not reach the level for those rats supplemented 
with pyridoxine from the beginning. These observations hold for both 
heart and kidney tissue. 

In order to determine whether transaminase was being affected spe- 
cifically by a vitamin B, deficiency or whether other enzymatic activities 
were being depressed as well, the activity of succinic oxidase was deter- 
mined on both vitamin Bg-deficient rats and those receiving a pyridoxine 
supplement. Table I shows that the succinic oxidase activity was lower 
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than that in the normal animals but was not depressed nearly as much as 
in the case of transaminase. 

The ability of various members of the vitamin Bs complex to reactivate 
the depressed enzymatic activities was determined. Pyridoxal and pyri- 
doxamine have been previously reported to be inactive, but the addition 
of ATP to either of the above compounds is reported partially to reactivate 
the system (2). The data included in Table II essentially confirm the 


TaBLe II 


Effect of Additional Components on Transaminase and Succinic Oxidase Activities of 
Heart Muscle from Pyridoxine-Deficient Albino Rats 
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Qo, succinic oxidase, 
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Ee CA | 
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66 phosphate...........| 146 187 
| 164 i9l | 
92 oe 
ES Fee 147 | 47 
a + STP... te the AR | 151 57t 
| 165 175} 
_ phosphate{...... 147 181 124 313§ 
89 «6| )— (135 
St ge 











* Additional components were added at the following levels: pyridoxal and pyri- 
doxamine, 0.30 ml. of 100 y per ml.; ATP, 0.20 ml. of 0.75 m; and pyridoxal phosphate 
and pyridoxamine phosphate, 0.50 ml. of 100 y per ml. 

t This depression of the succinic oxidase system was not observed when ATP 
alone was added to the reaction vessel. 

t See footnote 3 in the text. 

§ The preparation of pyridoxamine phosphate contained 10 mg. of glutamic acid 
per ml., which itself causes a stimulation of the succinic oxidase systems. 


previous findings concerning pyridoxal and pyridoxamine, but, at the low 
levels added, no significant increase could be shown on the further addi- 
tion of ATP. However, the addition of pyridoxal phosphate and pyridox- 
amine phosphate resulted in substantial increases in the transaminase 
activity. No stimulation was observed when tissues from control animals 
Were used and none of the compounds tested were effective in reactivating 
the succinic oxidase system from either deficient or control animals. 
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DISCUSSION 





The study of transaminase activity as a function of the age of the animal 
showed that in the normal animals no significant change was apparent in 
either heart or kidney within the 6 weeks experimental period. Trans- 
aminase in the vitamin B,-deficient animals exhibited an initial rapid de- 
crease followed by a plateau in the activity curve. On adding vitamin B, 
to the ration the animals showed an immediate rapid gain in transaminase 
activity. The albino rat apparently has only a small reserve of vitamin 
Be complex available for conversion into cotransaminase, since the enzy- 
matic activity parallels the growth in showing rapid fluctuations when vita- 
min B, is removed or returned to the diet. 

Some workers have questioned the results obtained from vitamin-de- 
ficient animals on the basis of inanition and presumed variation in water, 
fat, carbohydrate, and protein content of the deficient tissues. While 
the many secondary effects possible in a study of this type are not over- 
looked, it is believed that this variation has been overemphasized. In 
this investigation, the dry weights were carefully determined for each 
group and, while the dry weight varied a little from the normal in the case 
of kidney cortex, no variation was observed in the case of heart muscle. It 
is important to note that the small variations observed can by no means 
account for the large changes noted in the enzymatic activity. Snell, 
Guirard, and Williams (11) have investigated the concentrations of biotin 
and pantothenic acid in normal and vitamin B,-deficient animals and ob- 
served that there were no changes in the concentration of the first two 
vitamins, while the concentration of vitamin Bs was greatly depressed. 
It is evident from these observations that, while the tissues from vitamin- 
deficient animals may exhibit slight alterations in properties not directly 
related to the deficiency syndrome, these are of secondary importance in 
studying the primary effect of the vitamin deficiency. A priori criticisms 
of the vitamin-deficient animal technique for the study of enzymatic 
structure which are based on these secondary changes are not entirely 
justified. 

While an enzyme depending on a particular vitamin for its activity is 
markedly inactivated in the vitamin-deficient animal, it has been shown 
that other enzymes may exhibit some depression of activity. In the at- 
tempt to circumvent these secondary effects, the vitamin or one of its deriv- 
atives could be added to the reaction mixture to determine whether any 
reactivation takes place. A successful experiment constitutes evidence 
that a relationship between the vitamin and the enzyme is probable. When 
the vitamin-deficient animal is used to study enzymatic structure, it is 
suggested that wherever possible two criteria be imposed before a relation- 
ship is postulated; first, the activity of the enzyme must show a marked 
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depression in the deficient animal and, on feeding the deficient animal the 
particular factor, the enzymatic activity must be rapidly regained; and, 
secondly, the addition in vitro of the vitamin or a derivative thereof must 
result in a specific reactivation. 


SUMMARY 


1. The heart and kidney tissues of albino rats maintained on a vitamin 
B,-deficient ration exhibited about 40 per cent of the transaminase activ- 
ity of similar tissues from animals receiving adequate vitamin Bs. 

2. Succinic oxidase was somewhat depressed in the deficient animals, 
but only to 80 to 90 per cent of normal. 

3. The addition of pyridoxal and pyridoxamine with or without added 
adenosine triphosphate was without effect at the low levels tested, but the 
addition of pyridoxal phosphate or pyridoxamine phosphate at approxi- 
mately the same low level resulted in a substantial reactivation of the trans- 
aminase activity. None of the compounds tried had any effect in reac- 
tivating the succinic oxidase system. 

4. The changes in transaminase activity parallel the changes in growth 
when vitamin B, is withheld or returned to the diet. 


It is a pleasure to thank Professor E. E. Snell for his helpful advice and 
criticism. 
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LIBERATION OF ESSENTIAL AMINO ACIDS FROM RAW, 
PROPERLY HEATED, AND OVERHEATED 
SOY BEAN OIL MEAL* 


By W. H. RIESEN, D. R. CLANDININ, C. A. ELVEHJEM, 
anp W. W. CRAVENS 


(From the Departments of Biochemistry and Poultry Husbandry, College of Agriculture, 
University of Wisconsin, Madison) 


(Received for publication, September 26, 1946) 


In a recent report Clandinin, Cravens, Elvehjem, and Halpin (1) showed 
that heating solvent-extracted soy bean flakes in an autoclave at 15 pounds 
pressure for 4 minutes resulted in a meal of exceptionally high nutritive 
yalue for chicks. When the heating was continued for 4 hours, a meal of 
low feeding value resulted. A chick starter ration containing this over- 
heated meal had to be supplemented with known vitamins plus lysine and 
methionine in order to sustain growth comparable to that produced by 
properly heated soy bean oil meal. 

The present work was undertaken to study the liberation of essential 
amino acids from the raw meal and from samples that had been heated for 
4 minutes and for 4 hours, as used in the above work. 


Methods 


Hydrolysis—For the preparation of acid hydrolysates, 1 gm. samples of 
the soy bean oil meals were hydrolyzed with 25 ml. of 2 N hydrochloric acid 
for 10 hours in an autoclave at 15 pounds pressure per sq. in. Under these 
conditions a maximum yield of a-amino nitrogen, as measured by the Van 
Slyke nitrous acid method, is obtained (2). 

Alkaline hydrolysates for tryptophane assay were prepared by autoclav- 
ing 1 gm. samples of the meals with 25 ml. of 2 N sodium hydroxide. Enzy- 
matic hydrolysates for assay of tryptophane were prepared by shaking 1 
gm. samples of the meals with 75 mg. of pancreatin, 20 mg. of crude intesti- 
nal mucosa, and 50 ml. of 0.2 m disodium phosphate buffer (pH 8.3) at 37° 
for2and 5days. It was considered advisable to resort to enzymatic as well 

* Published with the approval of the Director of the Wisconsin Agricultural Ex- 
periment Station. Supported in part by grants from The Borden Company, New 
York, and the Wisconsin Alumni Research Foundation. The authors acknowledge 
their indebtedness to Dr. C. A. Baumann for critically examining the manuscript, to 
The Wilson Laboratories, Chicago, Illinois, for crude intestinal mucosa, to Merck and 
Company, Inc., Rahway, New Jersey, for supplies of the B vitamins, and to Archer- 
Daniels-Midland Company, Minneapolis, Minnesota, for solvent-extracted soy bean 
flakes. 
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as alkaline hydrolysis for tryptophane, since Greenhut et al. (3) have shown 
that a greater amount of tryptophane is released from meat by enzymatic 
hydrolysis than by alkaline hydrolysis. 

In the pancreatic digestion studies, 2 gm. samples of the meals were hy- 
drolyzed by being shaken with 100 mg. of pancreatin, 50 ml. of 0.2 y 
disodium phosphate buffer (pH 8.3), and 1 ml. of toluene at 37° for 12 hour 
and 5 day digestion periods. Samples of raw meal were also hydrolyzed 
under similar conditions with 300 mg. of pancreatin in an attempt to over- 
come the effects of the trypsin inhibitor (4, 5) found in raw soy bean gil 
meal. At the end of each digestion period, the samples were heated in a 
steam chamber for 15 minutes to inactivate the proteolytic enzymes. The 
undigested proteins were then precipitated by adjusting the pH of the 
digestion mixture to the isoelectric point with 2 ml. of glacial acetic acid, 
The samples were filtered and aliquots of the clear filtrate neutralized for 
amino acid analysis. The liberation of a-amino nitrogen was determined 
on the acid and pancreatic hydrolysates by the nitrous acid micromethod 
of Van Slyke (6). 

All meals used for acid and alkaline hydrolysis were ground in a plate mill, 
while those used for enzymatic hydrolysis were ground in a power-driven 
mortar. 

Active Enzyme Concentration—lIn this study, active enzyme concentration 
refers to the proteolytic activity of the enzyme-substrate solution when 
tested on casein after 15 minutes, 12 hours, 2 days, and 5 days of contaet 
with the various soy bean oil meals. Flasks containing 2 gm. samples of 
the meals, 50 ml. of 0.2 m disodium phosphate buffer (pH 8.3) at 37°, 1 ml. 
of toluene, and amounts of pancreatin varying from 0 to 300 mg. per flask 
were shaken at 37° for the periods indicated above. At the end of each 
digestion period the hydrolysates were filtered and diluted 1:10 with water. 
0.5 ml. of the diluted filtrate was then added to 10 ml. of a solution of 0.1 
per cent sodium caseinate in 0.2 m disodium phosphate buffer (pH 8.) 
which had previously been brought to 37° in Evelyn colorimeter tubes. 
The test solutions were then shaken at 37° for 2 hours, after which 5 ml. of 
4 per cent acetic acid were added to precipitate the undigested casein. Care 
was taken not to add more acid than was necessary to bring the undigested 
casein to its isoelectric point. The turbidity of the mixture was read imme- 
diately in an Evelyn photoelectric colorimeter through a 620 my filter. 

Although one cannot obtain an absolute separation of digested and undi- 
gested casein in partial enzymatic digests, the above method enables one to 
compare the proteolytic activity of enzyme-substrate mixtures in any ex- 
periment in which the substrates are digested under identical conditions. 
The method was used to determine how much enzyme is required with one 
substrate to give the same enzymatic activity with a specified amount of 
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enzyme for another substrate. To avoid the unequal digestibilities of the 
raw and heated soy bean substrates, a protein such as casein was chosen and 
the amount of soy bean proteins in the mixture was kept low in relation to 
the amount of casein present. 

Amino Acid Assays—The essential amino acids were determined micro- 
biologically on the hydrolysates with the following organisms for the amino 
acids indicated: Lactobacillus arabinosus 17-5, leucine (7), isoleucine (8), 
valine (7), tryptophane (3), and phenylalanine;! Streptococcus faecalis R, 
methionine (2), threonine (9), histidine (10), and arginine (10); Leuconostoc 
mesenteroides PIDD-60, lysine (11). 

All amino acids except tryptophane were assayed with synthetic media 
which were similar to those employed by Riesen et al. (2) with the following 
changes. The amino acids were included at the maximum levels used in the 
previous study; xanthine was included in all media; pyridoxamine was used 
exclusively in place of pyridoxine (12); choline and inositol were omitted, 
and proline was included only in the medium used for Leuconostoc mesen- 
teroides PD-60. Methionine was also assayed with a medium in which an 
acid hydrolysate of oxidized casein (13, 2) replaced the amino acid mixture. 
The medium for tryptophane assay was similar to the synthetic medium, 
except that acid-hydrolyzed casein plus cystine replaced the crystalline 
amino acids (3). 

Assays were conducted on a semimicro scale in which the final volume was 
2ml. (14). Water, samples, and media were added with a Cannon auto- 
matic dispensor? to tubes in racks provided with metal covers. The acid 
produced was titrated directly in the tubes by means of a suitable burette 
equipped with the titrating device described by Lunardelli et al.* 


RESULTS AND DISCUSSION 


Active Enzyme Concentration—The results of the active enzyme concentra- 
tion studies are shown in Fig. 1. They indicate that the active enzyme 
concentration during the initial stages of hydrolysis in the case of the 
solvent-extracted raw soy bean meal is considerably lower than that in the 
meals which had been autoclaved for 4 minutes or 4 hours. However, in 
the later stages of digestion (in this instance within 2 days) the active en- 
zyme concentration in the presence of raw meal approaches that of the 
other two meals. The results indicate that at least 260 mg. of pancreatin 
are needed with the raw meal to give the same initial active enzyme concen- 
tration as 100 mg. of pancreatin with the heated meals. Similar results 
Were obtained at intermediate time intervals which are not reproduced 


‘Potter, R. L., et al., to be published. 
*Cannon, M. D., ef al., to be published. 
* Lunardelli, H., et al., to be published. 
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here. ‘This decrease in proteolytic activity during the early stages of diges- 
tion is apparently due to the trypsin inhibitor which Bowman (4) and Ham 
and Sandstedt (5) have shown to be present in raw soy bean oil meal. Pro- 
longed digestion nullifies the effect of the trypsin inhibitor upon the active 
enzyme concentration. Studies conducted at several time intervals up to 
5 days indicate further that the active enzyme concentrations in the pres- 
ence of the heated meals are equal throughout the 5 day digestion period. 

Amino Acid Content of Meals—The liberation of essential amino acids 
from raw, properly heated (4 minutes), and overheated (4 hours) meals by 
acid hydrolysis (alkaline hydrolysis for tryptophane) is shown in Table I. 
The data indicate no difference in the essential amino acid content of the 
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Fic. 1. Effect of the trypsin inhibitor present in raw soy beans upon the active 
enzyme concentration of pancreatin tested at various levels after previous digestion 
for 15 minutes, 12 hours, and 2 days with raw solvent-extracted soy bean flakes and 
soy bean flakes autoclaved at 15 pounds pressure for 4 minutes and4 hours. The 
active enzyme concentration is considered proportional to the galvanometer reading 
(see the text). 


raw meal and the meal which had been autoclaved for 4 minutes (properly 
heated). However, the recovery of lysine, arginine, and tryptophane from 
the meal which had been autoclaved for 4 hours (overheated) was consider- 
ably less than from the other two meals. It is of interest to recall in this 
connection that Clandinin ef al. (1) showed that the lysine in the over- 
heated meal was less available to the chick than that in the properly heated 
meal. It would seem probable that the reason they were unable to demon- 
strate decreased arginine and tryptophane availability was that other con- 
stituents in their chick starter ration supplied adequate amounts of these 
amino acids These workers also showed that, besides lysine, methionine 
had to be added to the starter containing the overheated meal in order to 
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Liberation of Amino Acids from Raw,* Properly Heated,t and Overheatedt Soy Bean 
Oil Meal 


=_—_-— : a 
Per cent amino acids liberated by vould 
|Amino acid content of meals§ 





12 hrs. digestion 5 days digestion 
































7 << I 
= 8 3 F - 13 
a id oe . i 4 to oa ° 
| # 3 Ta El2 |3. 
| = g ) 2) 8 ee ge] S| & ea ge 
> | £ | F lel ge] belts] | Fl Belge 
| a & | 6 wt Bond Foam 
a-Amino nitrogen§....|72.2 {72.2 [71.0 | 8.0111.0117.4{13. 0/14.0118.7/32.5120.0 
lysine... | 7.90 | 7.89 | 3.80 14.1/23.6119.8) 7.0/23.1/38.4/32.4 9.5 
Arginine. 14.85 (14.25 | 8.83  |20.3\30.460.2/22.3/25.0)36.6180.6/39.3 
Tryptophane | 1.07") 1.05**) 0.87** 15.2 25.6 36.0 26. 421.6 39.2/60.0/43.2 
Methionine 0.79 | 0.81 | 0.79 |11.1/25.2)34.823.7 20.8/34.8\56.2/32.6 
Leucine. 5.05 | 5.07 | 5.17 | 9.9115.9)33. 1|29.1)18, 5/32. .356.1/45.0 
lsoleucine | 3.37 | 3.43 | 3.40 |10.3'18.8.41.5)31.7/23. 8 38. 6/63.3/56.3 
a 4.02 | 3.86 | 3.82  /11.519.9/32.7/27.820.8'34.0152.0/39.0 
Phenylalanine | 2.70 | 2.77 | 2.73 |11.0116.7 a7. 3)31.0 0)13.8/28.7/52.5/41.3 
Sisconine...... | 2.80 | 2.84 | 2.87 |20.130.0/46. 9/27. 0/33. 047.4/68.0/49.5 
RR | ATA | 4.65 | 4.74 6. 1 26. 442. 833. aa 5 40. 463.6/45.7 
Totaltt ... 47.3 46. 6 7. 0 a9 922. 5)38.7 7/25. 0:22.1 il96.3157.6/99.1 








* Meal prepared fr rom solvent-extracted soy bean flakes. 

t Meal prepared from solvent-extracted soy bean flakes which were autoclaved at 
15 pounds pressure for 4 minutes. 

t The same as above, but autoclaved for 4 hours. 

§ The amino acid figures represent the percentage of amino acid nitrogen in the 
total nitrogen, as determined by the Kjeldahl method. The a-amino nitrogen figures 
under this heading are the percentage of a-amino nitrogen in the total nitrogen. 
All values represent an average of at least three assays with duplicate samples in 
each assay. The total nitrogen in the raw flakes, as determined by the Kjeldahl 
method, was 7.03 per cent. 

|| The amount of pancreatin used with each meal is indicated at the head of the 
column. Amino acid figures were computed by dividing the amount of amino acid 
liberated by pancreatic hydrolysis (corrected by the enzyme blank) by the amount 
of amino acid liberated from the raw meal by acid hydrolysis (alkaline hydrolysis 
for tryptophane) X 100. Pancreatic a-amino nitrogen liberation was computed 
similarly. The values represent an average of two assays involving duplicate 
samples in each assay. 

§ Determined by the micro nitrous acid method of Van Slyke (6). 

** Hydrolysis with 2 n NaOH. The amount of tryptophane released by pan- 
treatic and ereptic hydrolysis of the raw, properly heated, and overheated meals 
was 0.80, 1.22, and 0.92 per cent, respectively. 

tt Acid hydrolysis totals are the sums of the percentages of the amino acids 
liberated. Pancreatic hydrolysis totals were obtained by dividing the total amount 
of amino acids liberated enzymatically by the total amount of amino acids liber- 
ated from the raw meal by acid hydrolysis (alkaline hydrolysis for tryptophane) 
X 100. 
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promote optimum growth. This finding must be due to decreased biologi- 
cal availability of methionine in the meal which had been autoclaved for 4 
hours, since the liberation of methionine by acid hydrolysis was unaffected 
by heat treatment. 

Block et al. (15) and Zittle and Eldred (16) have shown that heated casein 
yields equally as much lysine as raw casein when the lysine is determined by 
hydrolysis with 8 N sulfuric acid and 6 N hydrochloric acid with subsequent 
chemical isolation or estimation by lysine decarboxylase. In order to deter- 
mine whether or not hydrolysis with more concentrated acid than the 2 x 
used in the general acid hydrolysis procedure would yield more lysine from 
the overheated meal as measured microbiologically, samples of the properly 
heated and overheated meals were refluxed separately with 8 N sulfurie acid 
and 6 N hydrochloric acid for 5 hours. The lysine values obtained from 
samples which had been refluxed with 6 N hydrochloric acid were identical 
with those obtained from samples which had been autoclaved with 2 x 
hydrochloric acid. The amount of lysine liberated from each meal which 
had been refluxed with 8 N sulfuric acid was slightly lower than from the 
meals which had been autoclaved with 2 N hydrochloric acid; however, the 
destructive effect of excessive heat treatment was apparent. 

Liberation of Amino Acids by Pancreatin—The results of a-amino nitro- 
gen determinations upon the pancreatic hydrolysates (Table I) show that 
after either 12 hours or 5 days of digestion with the same amount of added 
enzyme less hydrolysis occurred in the case of the raw and overheated meals 
than in properly heated meal. Furthermore, the addition of sufficient 
pancreatin (300 mg.) to the raw meal to insure at least the same active 
enzyme concentration as in the properly heated meal still resulted in the 
liberation of less a-amino nitrogen than in the case of properly heated meal. 
The degree of hydrolysis, as shown by a-amino nitrogen determination, is 
not strictly comparable to that shown by microbiological assay, since the 
former measures free amino groups whereas the latter may measure pep- 
tides as well as amino acids. However, it will be seen that the values 
obtained by either method show the same general trend with respect to the 
effects of heat treatment. 

These results would suggest that, in order to obtain a meal of maximum 
nutritive value, sufficient heat must be applied not only to destroy the 
trypsin inhibitor but also to alter the protein in such a way that it may be 
more readily attacked by proteolytic enzymes. The beneficial effects of 
heat treatment upon the susceptibility of soy bean oil meal to enzymatic 
digestion confirm the results of Melnick et al. (17). Our findings indicate 
that excessive heat treatment results in further change which makes the 
meal less readily attacked by proteolytic enzymes. The extent of the 
detrimental effects of excessive heat treatment is shown by decreased libera- 
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tion of certain amino acids by acid hydrolysis, as has already been noted 
in the case of lysine, arginine, and tryptophane (alkaline hydrolysis). 

The authors recognize that factors other than the protein components of 
the meal could be affected by heat treatment and that these factors could 
alter the susceptibility of soy bean oil meal to enzymatic hydrolysis. How- 
ever, the possible application of the present results tostudies involving the use 
of practical soy bean rations becomes apparent when we consider the effect 
of heat treatment upon the entire meal and the ultimate effects upon the 
digestibility of the protein. It would seem that, in addition to the present 
attention given to the amino acid composition of a protein, cognizance could 
be given to the potential biological availability of the amino acids as deter- 
mined in vitro by enzymatic liberation. 

Melnick et al. (17) showed that methionine was liberated from raw soy 
bean oil meal at a slower rate than leucine and lysine, and that heat treat- 
ment increased the rate of liberation of methionine to a relatively greater 
extent than either of the other two amino acids. They furthermore indi- 
cated that lysine was released more rapidly than either leucine or methio- 
nine. Under our conditions, heat treatment increased the rate of liberation 
of methionine, however, not proportionately more than it increased the 
rate of liberation of the other essential amino acids, excluding lysine. Our 
data show that, at 12 hours, the rate of liberation of lysine was similar to 
that of the other amino acids but that, at 5 days, the rate of liberation of 
this amino acid was only approximately one-half that of the others. Fur- 
ther, it will be noted that more lysine was liberated from the raw meal 
containing the same amount of active enzyme as the properly heated meal 
than was liberated from the latter meal. This would suggest that the rate 
of liberation of lysine from the properly heated meal was adversely affected 
by the 4 minute heat treatment. It is interesting to note that the rate of 
liberation of arginine was greater than that of any other amino acid. It 
would thus appear that while the percentage liberation of each of the essen- 
tial amino acids from any of the meals at any particular time varies, the 
beneficial or destructive effects of heat treatment affect the enzymatic 
liberation of each amino acid from soy bean oil meal in a similar manner. 


SUMMARY 


A study has been made of the liberation of the essential amino acids by 
acid, alkaline, and pancreatic hydrolysis of raw, properly heated, and over- 
heated soy bean oil meal. The results obtained indicate that 

1. The amount of each of the essential amino acids liberated by acid 
hydrolysis from soy bean oil meal was unaffected by heat treatment, except 
lysine, arginine, and tryptophane. The liberation of these amino acids was 
decreased by prolonged heating. 








150 RELEASE OF AMINO ACIDS FROM SOY BEANS 


2. The amount of each of the essential amino acids liberated by panere- 
atic hydrolysis was increased by proper heat treatment and decreased by 
excessive heat treatment. 

3. The liberation of the essential amino acids from raw soy bean oil meal 
in the presence of sufficient pancreatin to give at least the same active 
enzyme concentration as used with properly heated meal was not as com- 
plete as with properly heated meal, except in the case of lysine. This 
indicates that the trypsin inhibitor is not the only factor involved in connee- 
tion with the nutritive value of raw versus properly heated soy bean oil 
meal. 

4. The amino acid composition of proteins based upon acid hydrolysis 
does not necessarily indicate the extent of liberation of each amino acid from 
the protein by enzymatic digestion. 
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THE FLUORESCENT CONDENSATION PRODUCT OF 
N'!-METHYLNICOTINAMIDE AND ACETONE 
I. SYNTHESIS AND PROPERTIES 
By JESSE W. HUFF* 


(From the Department of Biochemistry, Duke University School of Medicine, 
Durham, North Carolina) 


(Received for publication, June 27, 1946) 


In 1940 Najjar and Wood (1) detected the presence of an unknown 
substance appearing in human urine after the ingestion of nicotinic acid 
and nicotinamide. This material was isolated from urine by Huff and 
Perlaweig (2, 3) and was shown to be the ion N'-methylpyridinium-3- 
earboxylic acid amide, designated as N'-methylnicotinamide (I in Fig. 
l). 

In an investigation of the chemical properties of this substance it was 
observed that the quaternary ion form (I) is relatively unreactive, but that 
the a-carbinol (II) produced by the action of alkali on the quaternary ion 
isa very reactive substance. It was found to condense with a variety of 
aleohols, aldehydes, and ketones to yield highly fluorescent derivatives.’ 
Those formed with the alcohols are readily decomposed on acidification and 
are presumably carbinol ethers (III) of the type described by Decker and 
Kaufmann (4), as formed by the a-carbinols of the N-methylpyridines and 
N-methylquinolines with alcohols. However, the condensation products 
of N'-methylnicotinamide with certain aldehydes and ketones are quite 
stable and can be isolated in crystalline form. 

There are presented here the synthesis, properties, and the possible 
structure of a compound obtained when the a-carbinol of N'-methyl- 
nicotinamide is condensed with acetone.? This reaction is the basis of new 
fluorometric methods for the quantitative estimation of N'-methylnicotin- 
amide in urine (6) and of the pyridine nucleotides in the blood cells (7). 


* Nutrition Foundation, Inc., Fellow. Present address, Sharp and Dohme, Inc., 
Glenolden, Pennsylvania. Grants in aid of this investigation from the Nutrition 
Foundation, Inc., the John and Mary R. Markle Foundation, and the Duke Uni- 
versity Research Council are gratefully acknowledged. The N'-methylnicotinamide 
used in this study was generously donated by Merck and Company, Inc. <A part of 
the work described in this paper was done under a contract, recommended by the 
Committee on Medical Research, between the Office of Scientific Research and 
Development and Duke University. 

' Huff, J. W., unpublished data. 

*Najjar, White, and Scott (5) observed independently that F; (the fluorescent 
derivative produced from N'-methylnicotinamide by treatment with alkali and 
butanol) reacts with acetone in alkaline solution to produce a yellow compound 
which shows a yellow-green fluorescence on extraction into butanol. 
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EXPERIMENTAL 


Synthesis and Isolation—N'-Methylnicotinamide chloride, when treated 
in aqueous acetone solution at room temperature with KOH followed by 
boiling with HCl, is converted to a yellow highly fluorescent compound 
which was isolated from the reaction mixture as its hydrochloride. 

To 2.5 gm. of N'-methylnicotinamide chloride, dissolved in 130 ml. of 
a mixture containing equal voiumes of water and acetone (redistilled over 
KMn0,), were added 8 ml. of 7 N KOH with stirring, and the mixture was 
allowed to stand for 12 hours at room temperature. The solution became 
slightly warm and turned a deep orange color upon the addition of the 
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Fic. 1. Probable pathways of the condensation reaction of N'-methylnicotina- 
mide with acetone. 


alkali. After 12 hours, 15 ml. of concentrated HCl were added; the flask 
was covered with a glass funnel and heated in a boiling water bath for 20 
minutes. The solution was then evaporated almost to dryness in vacuo. 
The residue was transferred to a small beaker, just covered with absolute 
ethanol, and warmed at about 50° for 1 hour with occasional stirring. 
Absolute alcohol was added to replace that lost during the warming and the 
mixture kept at —20° for 24 hours. The semisolid mass was drained on 4 
small Biichner funnel, and after several washings with cold (—10°) absolute 
ethyl alcohol there remained on the filter about 6.1 gm. of light yellow 
crystalline material consisting of KC] and the condensation product. The 











HAO 


ite 








J. W. HUFF 153 


amber-colored mother liquor yielded on evaporation a dark fluorescent 
oil which could not be crystallized. The condensation product was 
separated from the salt by converting it to the free base and extracting 
into absolute alcohol in the following manner: To the yellow residue there 
were added about 15 ml. of water and the solution was titrated potentio- 
metrically to pH 11 with 12 Nn KOH solution. The alkaline solution was 
evaporated to near dryness under vacuum and dried in a desiccator. To 
the dried orange-red residue there were added about 40 ml. of absolute 
ethanol; the mixture was allowed to stand for about 1 hour at 30° with 
gecasional stirring and was then held at —20° for 24 hours, and the KCl 
was removed by filtration. The filtrate was brought to a volume of about 
100 ml. with absolute ethanol and concentrated HCl added to about pH 
3 (indicator paper). The acid solution was heated to boiling and 100 mg. 
of Darco charcoal were added. After stirring for a few minutes, the hot 
mixture was filtered. The light yellow filtrate was concentrated to 75 
ml. and placed in the refrigerator (5°) for 48 hours. After filtering and 
washing with cold alcohol there were obtained 980 mg. of crystalline 
material. 

Properties—The substance crystallizes from alcohol as its hydrochloride 
inlong yellow prisms. The melting point is 304-305° with decomposition 
with a copper block previously heated to 295°. The hydrochloride is very 
soluble in water, dilute alcohol, and boiling alcohol, sparingly soluble in 
cold alcohol, and insoluble in ether, chloroform, benzene, and acetone. 
In an acidic aqueous or alcoholic solution it exhibits in ultraviolet light 
an intense blue fluorescence which is reversibly converted to a green 
fluorescence in alkaline reaction. The variation of the fluorescence in- 
tensity of this substance with pH is shown in Fig. 2. 

There are also included in Fig. 2 the pH-fluorescence curves for the 
mother liquor remaining after the isolation of the crystalline compound 
described here, and the curve for the fluorescence derived from 0.9 y 
of N'-methylnicotinamide when treated with acetone and alkali in the 
analytical method (6) for the quantitative determination of this substance. 
The fluorescence of the crystalline product is stable between pH 1.8 and 
5.5 and drops off sharply on the alkaline side. A similar curve is found on 
the acid side for the fluorescence obtained in the analytical method, but 
in this case the intensity increases in alkali. It is thus apparent that the 
crystalline product, as isolated here, does not represent the only compound 
being measured in the analytical method. The pH-fluorescence curve for 
the mother liquor indicates the presence of a compound, showing a rise in 
fluorescence on the alkaline side. 

Further evidence that two compounds are present is shown by the fact 
that a quantitative fluorometric measurement on the reaction mixture, 
obtained by treating 2.0 gm. of N'-methylnicotinamide with acetone and 
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alkali, indicates a 100 per cent yield of the fluorescent derivative. How- 
ever, only 1 gm. of the crystalline product could be isolated, a 30 per cent 
yield. The remainder of the fluorescence could be accounted for in the 
mother liquor. These observations lead to the interference that at least 
two derivatives are formed in the condensation reactions. The possibility 
of an oxidation-reduction equilibrium is discussed below, in relation to the 
possible configuration of the products. 

An elementary analysis of the crystalline condensation products for C, 
H, N, and Cl indicates an empirical formula of C;oHjoN2O- HCl correspond- 
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Fic. 2. pH-fluorescence curve. The ordinate represents the fluorescence in 
galvanometer divisions on the model 12 Coleman photofluorometer. The curve 
(A) at the top is for an aqueous solution of the crystalline condensation product of 
N'!-methylnicotinamide and acetone at a concentration of 0.00062 micromole per 
ml. The curve (O) at the bottom is for the fluorescence obtained from 0.00065 micro- 
mole per ml. of N'-methylnicotinamide when measured by the analytical procedure 
(6). The center curve (QO) is for an unknown quantity of the “mother liquor” 
remaining after isolation of the crystalline condensation product. 


ing to a molecular weight of 210.6. A molecular weight determination 
by the freezing point lowering of camphor was 206 and 218. An aqueous 
solution of the compound is neutral. A potentiometric titration (Fig. 3) 
confirms the molecular weight of 211. The titration indicated the presence 
of a rather strong basic group with pK 9.2. The substance forms insoluble 
derivatives with the base-precipitating agent, picric acid, AuCls, and. 
HgCl. The substance is unchanged on boiling for 1 hour in 2 nN HCl. 
Boiling for 1 hour with 2 N KOH resulted in a 10 per cent loss of the sub- 
stance, as indicated by fluorometric measurements. Reduction with 
Na.S.0,, or with Zn-HCl, converts the compound to a non-fluorescent 
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derivative. ‘The original compound is obtained quantitatively upon the 
addition of H,O, to the reduced form. The substance does not give a 
positive reaction with FeCl; solution, indicating the absence of a free 
phenolic OH group. An aqueous solution takes up bromine with the 
formation of a yellow, water-insoluble bromide derivative. The material 
did not give a positive test with CNBr and aniline, indicating that the N 
of the pyridine ring remained in the substituted state. 

The ultraviolet absorption curve of the condensation product dissolved 
in water shows absorption maxima at 2530 to 2540 A and at 3480 to 3520 A, 
with extinction coefficients for 1 per cent solutions corresponding to « = 
292 and 722, respectively.* 
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Fic. 3. Titration curve of 18.8 mg. (0.089 mm) of the hydrochloride of the condensa- 
tion product of acetone and N'-methylnicotinamide. For comparison the titration 
curve of 0.089 mm of HC) is also given. 


The probable configuration of the condensation product on the basis of 
the available data is believed to be 1,7-dimethyl-5-oxo-(1,5-dihydro-1 ,6- 
naphthyridine) hydrochloride, compound VI in Fig. 1. This substance has 
an empirical formula of CjoH;oN2O-HCl and a molecular weight of 210.6, 
which is in good agreement with the following elementary analysis. 


Calculated. C57.02,H5.25, N 13.29, Cl 16.83 
Found.‘ “ 56.82, “ 5.38, “13.00, “ 16.96 
** 56.60, “5.31, 13.18, “ 16.75 





*These measurements were made on the Beckman quartz spectrophotometer. 
The author is obliged for them to Dr. W. J. Dann. 

‘The elementary analyses reported in this paper were carried out in the Labora- 
tory of Microchemistry, Dr. Carl Tiedcke, New York. 
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The stability of the compound on heating with acid indicates that 
the linkage of the carbon in the a@ position of the pyridine ring with 
the acetone is a —-C—-C— linkage (compound IV) rather than a labile 
ether linkage (III), as produced by the a-carbinol (II) with alcohol. Sinee 
the compound is not altered by heating with acid or alkali, the —NH, 
of the labile amide group has been either eliminated or stabilized in the 
course of the condensation reaction. That it has not been eliminated is 
shown by the presence of 2 equivalents of nitrogen in the compound; 
that it is not present as a free —-NH, group is shown by the failure to 
obtain a colored derivative upon diazotization and coupling with 8-naph- 
thol. The conclusion is therefore drawn that the —N H;, of the amide group 
is stabilized by cyclization with the carbonyl group of the acetone (com- 
pounds IV and \V). 

The difference between the proposed structure (VI) and the structure 
(V) which would necessarily follow from cyclization of compound IV is that 
the former calls for 11 H atoms, while the latter calls for 13. It is believed 
that 2 hydrogen atoms have been lost between the carbons in the 8 and 9 
positions as a result of a state of oxidation-reduction equilibrium between 
the isolated crystalline product and the oily substance remaining in the 
mother liquor. This supposition is supported by the ready and reversible 
reducibility of the crystalline compound with Zn-HCl and with hydro- 
sulfite. 

The above is all the available evidence that can be presented for the 
probable structure of the compound. It is not entirely conclusive, and 
the problem still awaits final solution. 


SUMMARY 


The synthesis and the properties of a highly fluorescent derivative of 
N'-methylnicotinamide with acetone are described. It is tentatively pro- 
posed on the basis of the available evidence that the configuration of the 
product is 1,7-dimethyl-5-oxo-(1 ,5-dihydro-1 ,6-naphthyridine) hydro- 
chloride. 
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THE FLUORESCENT CONDENSATION PRODUCT OF 
N'!-METHYLNICOTINAMIDE AND ACETONE 


i. A SENSITIVE METHOD FOR THE DETERMINATION OF N!-METHYL- 
NICOTINAMIDE IN URINE* 


By JESSE W. HUFFT ann WILLIAM A. PERLZWEIG 


(With THE TECHNICAL AssIsTANCE OF Mary W. Ti_pen, Nora Leviras, ANp 
JEAN ROBINSON) 


(From the Department of Biochemistry, Duke University School of Medicine, 
Durham, North Carolina) 


(Received for publication, June 27, 1946) 


The present available fluorometric methods for the determination of 
N-methylnicotinamide in urine (1-4) are modifications of the original 
procedure of Najjar and Wood (5) and are based upon the conversion of the 
non-fluorescent N'-methylnicotinamide by treatment with alkali and 
butanol into a fluorescent derivative designated as F,. A preliminary 
purification of the urine by a time-consuming adsorption and elution 
technique is employed by three of these procedures (2-4), followed by 
treatment with alkali and butanol, with subsequent extraction of the F; 
into butanol for measurement of its fluorescence. F possesses a very low 
fluorescence intensity in aqueous solution and must be transferred to 
butanol to obtain the maximum intensity. Its fluorescence in butanol 
iscomparatively low, and necessitates the use of large aliquots of urine for 
analysis. The techniques commonly used for the determination of “blank 
values” in urine are inadequate and often give erroneous values, especially 
in urines of hospital patients. 

As is shown in the preceding paper (6), N'-methylnicotinamide when 
treated with acetone and alkali in the cold, followed by heating in acid 
reaction, forms a highly fluorescent and stable compound. This increase in 
fluorescence was utilized for the elaboration of a much more sensitive and 
simple method for the determination of N'-methylnicotinamide in urine, 


*A preliminary report of this method was published in Federation Proc., 4, 92 
(1945). 

t Nutrition Foundation, Inc., Fellow. Grants in aid of this investigation from 
the Nutrition Foundation, Inc., the John and Mary R. Markle Foundation, and the 
Duke University Research Council are gratefully acknowledged. The work de- 
scribed was done under a contract, recommended by the Committee on Medical 
Research, between the Office of Scientific Research and Development and Duke 
University. The N!-methylnicotinamide used in this study was generously donated 
by Merek and Company, Inc. 

! Coors porcelain 99 mm. spatula spoon, leveled off, provides a convenient measure. 
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also permitting the use of a more reliable blank value than hitherto ayaij- 
able. 

A pparatus— 

Fluorometer. In this work the Coleman model 12 electronic photo- 
fluorometer was used, equipped with a No. AH-4 mercury vapor lamp, 
screened by the Coleman No. B-1 filter (Corning No. 587 plus a neutral 
screen and with maximum transmission at 3650 A). The fluorescent light 
is filtered through the Coleman No. PC-1 filter (combination of Corning 
filters Nos. 038 and 428 with maximum transmission at 4400 A). These 
filters were originally designed for the determination of thiamine by the 
thiochrome method. 

Fluorometer cuvettes. With this instrument Kimble bacteriological 
culture test-tubes (19 X 150 mm.) graduated at 10 ml. may be used as 
cuvettes. A set of uniform tubes should be selected so that all tubes give 
the same fluorescent reading on the fluorometer for a given solution of 
fluorescent material (quinine sulfate, 0.3 y per ml. in 0.1 N H.SO,). 

25 ml. graduated, glass-stoppered cylinders. 

Reagents— 

Saturated NaOH solution (about 19 N); prepared from Merck’s U. §. P. 
pellets and allowed to stand for sedimentation of carbonate. 

6 nN NaOH solution, prepared daily by dilution of the carbonate-free 
saturated solution. 

6 N HCl solution, any c.p. grade of concentrated hydrochloric acid 
diluted 1:1 with water. 

Acetone, rendered free of fluorescent substances by distillation over 
KMnQ,. 

KH,PQ, solution, 20 gm. of reagent grade, dissolved in water to 100 ml. 

Standard N'-Methylnicotinamide Solution—(1) Stock standard solution, 
1 mg. per ml. of N'-methylnicotinamide ion, made by dissolving 62.7 
mg. of N'-methylnicotinamide chloride in 50 ml. of 0.1 N HCl. This 
solution is stable for at least 5 months if kept in the refrigerator in an 
amber bottle. (2) Working standard solution, 10.0 y per ml., made by 
diluting 1.00 ml. of the “stock standard” to 100 ml. and containing 0.01 
NHCI. This solution is stable for at least 3 weeks if kept in the refrigerator. 

Quinine Solution for Standardization of Photofluorometer—(1) Stock 
solution, 0.1 mg. per ml. of quinine sulfate in 0.1 N H,SO,. If kept pro- 
tected from light, it is stable indefinitely. (2) Working solution, 03 7 
per ml. of quinine sulfate in 0.1 n H.SO,; it is stable for about 3 months if 
kept in a dark bottle. 

Charcoal, Mallinckrodt’s charcoal decolorizing, and Merck’s U. 8. P. 
activated charcoal were found to give good recovery values. 
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Procedure 


The urine is diluted with water so that it contains about 0.5 to 1.2 y 
of N'-methylnicotinamide per ml. and 2 per cent acetic acid. This amounts 
to a 5- or 10-fold dilution for normal urines. Assuming a 10-fold dilution, 
2.00 ml. of urine and 0.4 ml. of glacial acetic acid are measured into each 
of two 25 ml. graduated, glass-stoppered cylinders. To one of them there 
is added 1 ml. of the dilute standard containing 10 y of N'-methylnicotin- 
amide. The contents of both cylinders are diluted to 20 ml. with water 
and mixed. To each cylinder 0.1 gm.' of charcoal is added, mixed by a 
few inversions, and filtered at once through No. 30 Whatman paper.?. The 
filtrates are treated as described below. 

There are set up three cuvettes graduated at 10 ml. and labeled U, 
B, and R (“urine,” “blank,” and “recovery”). Into Tubes U and B, 
1.00 ml. of the diluted urine and into Tube R 1.00 ml. of the diluted urine 
containing the added standard are measured, the samples being delivered 
into the bottoms of the tubes. To each of Tubes U and R, 0.5 ml. of acetone 
is added, and to Tube B 0.5 ml. of water; the contents are mixed. To 
each tube is added 0.20 ml. of 6 Nn NaOH directly into the solution, and the 
contents of each tube are mixed immediately after the addition of the alkali. 
The tubes are allowed to stand at room temperature for 5 minutes. To 
each tube 0.3 ml. of 6 N HCl is added and mixed at once. The tubes are 
immersed in a boiling bath for 2 minutes. After cooling by immersion in 
cold water for a few minutes, 1 ml. of 20 per cent KH,PO, solution is 
added, and the contents are diluted with water to the 10 ml. mark and 
mixed. The fluorescence reaches a maximum immediately and rémains 
stable in the daylight or in the dark for at least 3 days. Therefore, it may 
be measured at any convenient time. The variation in the intensity of the 
fluorescence with temperature is shown in Fig. 1. It is essential, therefore, 
that the readings of the three tubes be made at the same temperature. 

For the quantitative determination of the fluorescence, the fluorometer 
is adjusted by setting the galvanometer at 100 with the solution containing 
0.3 y of quinine sulfate per ml., and the fluorescence of Tubes U, R, and 
Bis measured. If the fluorescence values are beyond the useful range of 
the fluorometer (above 80), the solutions are diluted with H,O to bring 
their readings within the range of the instrument, but the readings so 
obtained are used only as a guide for the preparation of new samples of 
appropriate dilution, and the analyses are repeated (see the note below). 


* In selecting filter papers it is necessary to test them by passing 2 per cent acetic 
acid through them and by examining the filtrates for fluorescence. Many common 
brands yield soluble fluorescent materials. 
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Calculation—Urine volume = 1000 ml. The urine was diluted 1:19 
and 1 ml. of the diluted urine was used for the analyses. 


Tube R (urine + 0.5 y standard), 61 galvanometer divisions 
“ U (urine), 40 galvanometer divisions 
‘** B (blank), 10 - - 
*? 61 — 40 = 21 divisions for 0.5 y N'-methylnicotinamide or 42 divisions for 1,0 
+7 N'-methylnicotinamide 
40 — 10 = 30 divisions due to 0.1 ml. urine 
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Fic. 1. The effect of temperature on the fluorescence intensity of the acetone 
condensation product with | y of N'-methylnicotinamide in 10 ml. of solution. The 
ordinate represents galvanometer divisions on the Coleman model! 12 fluorometer. 


The values are expressed in terms of N'-methylnicotinamide ion (not the 
chloride). A set of four urines can be conveniently analyzed in 45 minutes 
by one trained operator. 


DISCUSSION 


The following notes and precautions in carrying out the above procedure 
will be found useful. 

In pure solutions, or in greatly diluted urine, the acetone-alkali-acid 
reactions will proceed to completion with amounts of N'-methylnicotin- 
amide not exceeding 25 y with the prescribed volumes and amounts of 
reagents. The useful range of the particular fluorometer employed has to 
be determined and appropriate dilutions made to bring the readings within 
that range. The reactions should not be carried out on undiluted urine, 
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unless the specific gravity is less than 1.005, because unknown urinary 
constituents apparently interfere with the acetone condensation. 

The preliminary treatment of urine with charcoal in order to remove 
interfering fluorescent material was introduced by Najjar (2), who em- 
ployed the adsorbent charcoals, nuchars T and W and Mallinckrodt’s 
charcoal in 4 per cent acetic acid solutions of undiluted urine, or in diluted 
urine containing 2 per cent acetic acid. The charcoal treatment used in 
the procedure described here is carried out on the diluted urine containing 
2 per cent acetic acid with Mallinckrodt’s decolorizing charcoal or Merck’s 
U. S. P. activated charcoal. We have found that different commercial 
brands of charcoal vary greatly in their behavior towards N'-methyl- 
nicotinamide. It is advisable, therefore, before adopting any given 
brand, to test it for recovery values obtained with a known amount of 
N'-methylnicotinamide added to urine. Having found a suitable brand, 
a pound or two should be set aside for use in this determination. Investi- 
gation has shown that the selective action of the above mentioned char- 
coals depends upon the acidity of the solution being maintained with at 
least 2 per cent acetic acid. N'-Methylnicotinamide is adsorbed to variable 
degrees from neutral or alkaline solutions by all the above mentioned 
charcoals. The use of less concentrated acid, or the use of other acids 
such as trichloroacetic, oxalic, hydrochloric, sulfuric, phosphoric, and 
nitric acid, results in varying degrees of adsorption. N'-Methylnicotin- 
amide is adsorbed to a slight extent by these charcoals when the acetic 
acid solution is allowed to stand for 5 to 10 minutes before filtering. For 
this reason it is advisable to filter the solution immediately after mixing 
by a few inversions of the cylinder. 

Special note should be made concerning the addition of the acetone and 
alkali which should be made in the order designated, i.e. acetone followed 
by alkali, never in the reverse order. If solutions of N'-methylnicotinamide 
are rendered alkaline in the absence of acetone, significant amounts are 
destroyed rapidly even at room temperature. 

After the addition of the 0.3 ml. of 6 N HCl the solution should 
be definitely acid (pH <1). Heating at 80—100° for at least 1 minute is 
necessary to produce the maximum fluorescence, and heating up to 10 
minutes results in no loss of fluorescence. 

By the addition of the KH,PO, to the acid solution the pH in the final 
solution will be raised to pH 2.0 to 2.5. The fluorescence intensity of the 
acetone compound is stable between pH 1.5 and 5.4 and drops off slightly 
below pH 1.5 (Fig. 2). The buffer should not be omitted, since a lack 
of uniformity in the addition of the 0.3 ml. of 6 N HCl will occasionally 
result in a pH value outside of the stable range, and the fluorescence values 
under these conditions will not be reproducible. 
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In the method presented here the fluorometric measurements are made 
in acid rather than in alkaline solutions in spite of the greater fluorescence 
in the latter, since the fluorescence of the various urinary constituents 
is very much lower in acid than in alkaline reaction. 

The fluorescence intensity of the acetone compound is directly propor- 
tional to the temperature, as shown in Fig. 1; it varies about 0.5 to | 
galvanometer divisions per °C. The results are unaffected if the readings 
of the three cuvettes (Tubes U, B, and R) are made at the same tempera- 
ture. 

The fluorescence of the acetone compound obtained from 1 y of N'- 
methylnicotinamide, treated as described, will give a value of 42 galvanom- 
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Fia. 2. The relation of pH to the fluorescence intensity of the N'-methylnico- 
tinamide-acetone condensation product. The ordinate gives galvanometer divisions 
on the Coleman model 12 fluorometer. 


eter divisions in the Coleman fluorometer. In pure solution the 
fluorescence of the acetone compound is a linear function of N'-methyl- 
nicotinamide for amounts between 0.2 and 2.5 y. A similar linear function 
is found with urine, but in this case the absolute values in terms of galva- 
nometer units per microgram will vary from one urine to another; values 
between 38 and 45 galvanometer units per microgram have been encoun- 
tered. The majority of the recovery values are, however, between 40 and 45 
units per microgram. This lack of uniformity in recovery in different urines 
has made it necessary to employ an internal standard with each urine 
analyzed. This is accomplished by preparing a separate dilution of the 
urine so that 1 ml. contains 0.4 to 0.5 y of added N'-methylnicotinamide. 
Occasionally low recovery values, less than 38 divisions per 1 7, are ob- 
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tained. In this case the determination should be repeated, and the quinine 
standard checked for possible deterioration. 

Heavy metal ions, Mnt+, Fe+**, Cu**, and Cr*+, when present in 
traces, 1 to 25 y, were found to affect the production of the fluorescent 
condensation product to an appreciable extent. For this reason care 
should be taken in the choice of analytical reagents, especially of the alkali. 
Although the 6 Nn NaOH prepared from Merck’s U. S. P. pellets contains 
Mn++ in quantities sufficient to catalyze the reaction, the presence of 
traces of Co** inhibits this effect to some extent, and the values obtained 
are lower than those obtained with Merck’s reagent grade NaOH, to which 
there has been added Mn++. In 6 N solutions made with the U. S. P. 
Merck pellets, the Mn** gradually settled out on standing as MnO., and 
the fluorescence values obtained with it were lower. MnO, does not 
precipitate out of saturated NaOH (about 19.5 N), and it is therefore 
suggested that the 6 N alkali be prepared daily by dilution of the saturated 
solution. 

The question of a satisfactory blank value in the methods employed for 
the determination of N'-methylnicotinamide is a singularly complicated 
and difficult one, and deserves careful consideration. 

In the original method of Najjar and Wood (5) and in its later modifica- 
tions (2-4) the N'-methylnicotinamide is adsorbed from the urine on a 
zeolite and eluted with a neutral KCl solution. Two equal portions of the 
eluate are extracted into butanol, one with the addition of strong alkali, 
the other from the neutral solution; the fluorescences of the two butanol 
extracts are measured, the neutral extract being used as the blank. This 
blank value includes the fluorescence of the reagents employed and of such 
urinary pigments as are adsorbed and eluted in the procedure. At times, 
particularly in the urines of certain patients, these pigments were found 
in large amounts leading to higher blank values (designated as F, by Najjar 
etal. (7)) than those obtained in the alkaline extract F;. Since the solu- 
bility of these pigments in butanol and their fluorescence are profoundly 
afiected by pH, it is obvious that the blank obtained in this way will be 
unsatisfactory. To obviate this difficulty the present authors developed 
a procedure (1) in which the adsorption on the zeolite is dispensed with, 
and the fluorescent derivative is formed directly in the alkaline urine and is 
extracted into butanol. The blank value was determined by measuring 
the fluorescence in the butanol extract of the supernatant fluid obtained 

after the removal of the N'-methylnicotinamide by adsorption on Lloyd’s 
reagent. In strongly alkaline solution, pH about 11, Lloyd’s reagent was 
found to adsorb all of the N'-methylnicotinamide and practically none of 
the urinary fluorescent pigments. It was subsequently found, however, 
that occasional urines of normal subjects and of patients contained a 
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fluorescent pigment which is adsorbed on Lloyd’s reagent, thus causing 
unduly high values for N'-methylnicotinamide (see below). 

Recently Najjar introduced a preliminary treatment of the urine in 
acetic acid solution with charcoal (2) which apparently removes most of the 
interfering pigments. This was confirmed in the present study. 

In the proposed method the blank value is obtained by employing the 
entire procedure, except that the acetone is replaced by water. The 
greater part of the fluorescent materials is removed by the charcoal, and 
presumably the highly specific reaction which is given by N!-methyl- 
nicotinamide with acetone in an alkaline medium does not affect materially 
the fluorescence of the small amount of the urinary pigments which escaped 
adsorption on the charcoal. 

Furthermore, the fluorescence measurement of the acetone-treated 
sample and of the blank is made in an acid reaction (pH 2) at which the 
urinary pigments possess minimum fluorescence intensity. The increased 
sensitivity of the method permits the much greater dilution of the urine, 
or the final determination is made upon at least one-twentieth of the 
urine volume usually employed in the alkaline butanol methods, thus 
minimizing the interference of the other pigments to that extent. 

While the proposed procedure does not offer a final solution to the 
problem of an adequate blank, our experience leads us to believe that 
it represents a closer approach to such a solution than _ hitherto 
obtained. 

The following substances, in the amounts given, were tested and shown 
to give no fluorescent derivatives with acetone, and to produce no inter- 
ference with the reaction of acetone and N'-methylnicotinamide; urea 
(5 mg.), creatinine (0.3 mg.), caffeine (0.2 mg.), uric acid (0.1 mg.), aspirin 
(0.1 mg.), salicylic acid (2 mg.), ammonia (0.5 mg.), and nicotine (0.1 
mg.). 

Thiamine does not form fluorescent derivatives under the conditions 
employed. The fluorescence of riboflavin, if present, will be measured 
to some extent in this procedure, but it will be largely removed by the 
charcoal treatment and any small remaining residues will be corrected for 
by the blank value. 

The oxidative metabolite of pyridoxine, 4-pyridoxic acid (8), which is 
present in normal human urine, yields the fluorescent lactone on heating 
with acid, but in relatively small amounts under the conditions employed in 
this method; also the fluorescence intensity of the lactone is minimum at the 
acid pH at which the fluorometric reading is made, and consequently the 
blank value will correct this effect adequately. After large doses of pyti- 
doxine, however, the urine may contain 100 y of 4-pyridoxic acid per ml., 

and in such cases the great interference of its fluorescence makes the deter- 
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mination of the methylnicotinamide by this method impossible, and the 
method with the alkaline butanol fluorometric procedure (1) can be success- 
fully used. 

Trigonelline (which is present in urine as an exogenous product only 
from food sources) does not yield any fluorescent products in this procedure. 
Therefore, this method can be used in studies on niacin metabolism in man, 
without resort to trigonelline-free diets. 

Neither nicotinic acid itself nor any of its other known derivatives or 
metabolites (nicotinamide, nicotinuric acid, coramine) yields any fluorescent 
products in the above procedure. The only three substances of the many 
nicotinic acid derivatives tested which produce the fluorescent compound 
are N'-methylnicotinamide and coenzymes I  (diphosphopyridine 


TABLE [ 


Comparison of N'-Methylnicotinamide Values in Human Urines Obtained by Proposed 
Acetone and Previous Butanol Methods 


a Acetone | Butanol )—(A} ees . Acetone | Butanol - 
Subject Urine aatined | guaied (B)—(A) | Subject | Urine (B)—(A) 











No. | volume (4) (B) (A) No. volume - — (A) 
ml. mg. meg. per cent mi. mg. még. per ceni 
1 380 0.55 0.57 +3.6 11 590 2.7 2.3 —14.8 
2 80 0.64 0.64 0 12 320 4.1 4.2 —2.4 
3 130 1.3 1.4 +7.7 13 280 6.5 6.7 +3.1 
4 280 1.4 1.5 +7.1 14 250 6.7 6.4 —t.5 
5 250 1.6 ee +6.2 15 660 9.2 9.3 +1.1 
6 680 ‘7 1.9 +11.8 16 430 10.7 10.2 4.7 
7 110 7 1.8 +6.4 17 180 12.8 14.8 | +15.6 
S 680 1.8 1.9 +1.9 1S 460 16.2 15.1 —6§.8 
9 720 2.1 3.5 +6.7 19 400 16.6 15.1 —-9.0 
10 100 2.2 3 


a +4.1 | | 


nucleotide) and II (triphosphopyridine nucleotide). Samples of diphos- 
phopyridine nucleotide and triphosphopyridine nucleotide, prepared 
and kindly furnished by Dr. P. Handler, gave under the described condi- 
tions a fluorescence intensity approximately twice that of N'-methylnicotin- 
amide on an equimolar basis. The details of a method for the fluorometric 
determination of the pyridine nucleotides in blood (9) and tissues will be 
described in the following communications. 

In Table I the results of analyses of nineteen human urine samples by 
the method described in this paper and by the alkaline butanol extraction 
method (1) are compared. The analyses by the two methods of thirteen 
of the samples agree within +10 per cent; in three others the agreement 
isbetween 10 and 16 per cent, and in three the values by the butanol method 
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are 64, 41, and 67 per cent higher by the butanol than by the acetone 
method. The high results obtained by the butanol method are probably 
due to the removal by Lloyd’s reagent of unusual pigments, as discussed 
above. This is demonstrated by the following data obtained in Urines 
5 and 8. These urines were first treated with charcoal, as in the acetone 
method, and then analyzed by the butanol procedure. 


With charcoal Without charcoal Acetone method 


mg. mg. mg. 
EEE Ser es to ee eee Ts eee 1.8 1.1 
ie ciweewiatedreteha «tees Be 3.5 2.1 


These results indicate that the difference between the values obtained by 
the two methods was largely due to interfering fluorescent pigments. 

The 24 hour excretion of N'-methylnicotinamide in man, as measured 
by this method, and the alkaline butanol method in 67 normal male 
medical students range from 3 to 17 mg., with an average of 7 mg. These 
values agree well with those obtained on eight normal adults by Hochberg, 
Melnick, and Oser (4), average 6.1 mg., and on seven adults by Ellinger 
and Benesch (10) with an average of 5.4 mg., calculating all values in 
terms of N'-methylnicotinamide ion. In twenty-three new-born infants 
Coulson and Stewart recently reported (11) the range of 0.3 to 7.4 mg., 
average 3.2 mg., of N'-methylnicotinamide chloride. 

In view of these findings it is difficult to explain the very low values 
recently published by Najjar et al. (12) in three young men who, on a 
normal institutional diet, excreted less than 1 mg. of N'-methylnicotinamide 
per 24 hours. 


SUMMARY 


A rapid method of determination of N'-methylnicotinamide in urine was 
developed by applying the condensation reaction with acetone in an alkaline 
medium and measuring the blue fluorescence after heating briefly with an 
excess of hydrochloric acid. The method is very sensitive and rapid and 
contains provisions for satisfactory standard and blank values. A normal 
adult on adequate diets excretes from 3 to 17 mg., average 7 mg., of N'- 
methylnicotinamide in the urine in 24 hours. 
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THE FLUORESCENT CONDENSATION PRODUCT OF 
N'-METHYLNICOTINAMIDE AND ACETONE 


mm. A RAPID FLUOROMETRIC METHOD FOR THE DETERMINATION 
OF THE TOTAL PYRIDINE NUCLEOTIDES IN THE 
RED BLOOD CELLS 


By NORA LEVITAS,* JEAN ROBINSON, FRED ROSEN, JESSE W. HUFFt 
AND WILLIAM A. PERLZWEIG 


(From the Department of Biochemistry, Duke University School of Medicine, Durham, 
North Carelina) 


(Received for publication, June 27, 1946) 


The nicotinic acid of the blood is confined almost entirely to the erythro- 
cytes and exists in the red cells as the nicotinamide part of the pyridine 
nucleotides, coenzymes I and II (or DPN and TPN’), in the proportion of 
8:1 (1). Hitherto it has been determined either microbiologically with 
the aid of the two organisms Hemophilus influenzae and Hemophilus para- 
influenzae, each of which gives a growth response to the nucleotides only 
(and possibly to pyridine nucleosides) (2-4), or after suitable hydrolysis 
colorimetrically with one or another variant of the Kénig reaction, as pre- 
viously summarized (5). The results obtained, if calculated to a normal 
hematocrit value when whole blood analyses are reported, agree fairly well 
and correspond to a range of 10 to 15 y of nicotinic acid or 50 to 80 y as 
DPN per ml. of red bleod cells. The microbiological methods with the 
Hemophilus organisms are troublesome because of the difficulty of keeping 
the cultures uniformly growing and require at least 18 hours for completion. 
Rather large amounts of blood are required with the chemical methods 
and lengthy and complicated manipulations are involved. It was, there- 
fore, gratifying to discover that the alkali-acetone condensation reaction 
for N'-methylnicotinamide described above (6, 7) yields with both pyridine 
nucleotides a highly fluorescent product whose fluorescence intensity is 


* The data contained in this paper were taken from a thesis to be presented by 
Nora Levitas in partial fulfilment of the requirements for the degree of Master of 
Arts in the Graduate School of Duke University. 

t Nutrition Foundation, Inc., Fellow. Grants in aid of this investigation from 
the Nutrition Foundation, Inc., the John and Mary R. Markle Foundation, and the 
Duke University Research Council are gratefully acknowledged. The work de- 
scribed was done under a contract recommended by the Committee on Medical 
Research, between the Office of Scientific Research and Development and Duke 
University. The N'-methylnicotinamide used in this study was generously donated 
by Merck and Company, Inc. 

'Diphosphopyridine nucleotide and triphosphopyridine nucleotide respectively. 


169 





ee aed 


a 
ft 
" 
; 
iL 


*? 


170 N!-METHYLNICOTINAMIDE AND ACETONE. III 


about twice as high, per equivalent, as that of the N'-methylnicotinamide 
derivative, and that it can be used for the quantitative determination of 
the total coenzymes in amounts as small as | y, corresponding to 0.05 ml, 
of whole blood or 0.02 ml. of red cells. The oxalated blood is deproteinized 
with trichloroacetic acid, the condensation reaction is carried out on the 
filtrate, and the fluorescence read in the fluorometer within 10 minutes after 
filtration. An internal standard of N'-methylnicotinamide is employed 
and the results are calculated in terms of either DPN or nicotinic acid per 
ml. of erythrocytes, on the basis of the recovery value and of the simultane- 
ously determined hematocrit. It is emphatically suggested that whole 
blood values of nicotinic acid or of the pyridine nucleotides are both useless 
and misleading, unless the corresponding hematocrit readings are given. 


Method 


Reagents and A pparatus— 
25 per cent trichloroacetic acid. 


The following solutions are prepared as described in the preceding article 
(6): 6 N NaOH, 6 n HCI, redistilled acetone, 20 per cent KH,PO, solution, 
the standard solution of N'-methylnicotinamide containing 1.0 y per ml., 
the standard quinine sulfate solution containing 0.3 y per ml. in 0.1 n 
H,SQ,; fluorometer and cuvette tubes graduated at 10 ml. 


Procedure 


Since it has been amply demonstrated that practically all of the nicotinic 
acid derivatives are confined to the red blood cells, the determination may 
be carried out on the whole blood without any loss of accuracy if hematocrit 
determinations are made. 

5 ml. of blood are drawn without stasis and placed into a bottle contain- 
ing a previously dried mixture of 6 mg. of ammonium oxalate and 4 mg. of 
potassium oxalate. This amount is sufficient for 5 ml. of blood without 
affecting the cell volume. The blood should be laked and precipitated 
simultaneously and as soon as possible because the coenzymes are rapidly 
destroyed upon hemolysis (8). If hemolysis has not occurred, the blood 
can stand for as long as 24 hours without loss of DPN. 

The determination of hematocrit by the Wintrobe technique (9) is 
carried out with 1.0 ml. of the oxalated blood. 

Into a large test-tube (20 X 180 mm.) or a 50 ml. round bottomed centri- 
fuge cup, containing 2.0 ml. of 25 per cent trichloroacetic acid and 6.0 ml. 
of water, are added dropwise and with constant shaking 2.0 ml. of whole 
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blood. The contents are well mixed by rapid inversion for 1 minute. The 
solution is allowed to stand for several minutes and is then centrifuged 5 
to 10 minutes at 3000 r.P.M. and filtered through a 7 cm. No. 30 Whatman 
paper. The clear filtrate is stable and will not deteriorate for several days 
if kept in the refrigerator. This filtrate provides more than enough mate- 
rial for duplicate analyses. 

Into the bottom of each of three graduated fluorometer cuvettes is 
measured 0.50 ml. of blood filtrate. To Tube 1 is added 0.5 ml. of water; 
to Tube 2, the blank, 1.0 ml. of water; to Tube 3, the recovery, 0.50 y 
of N'-methylnicotinamide contained in 0.50 ml. of the working standard 
solution. 

To Tubes 1 and 3, 0.5 ml. of acetone is added and the contents are mixed. 
To each of the tubes there is added 0.20 ml. of 6 Nn NaOH directly into the 
solution, touching off the last drop near the surface of the solution and 
mixing the contents of each tube immediately after the addition of the 
alkali. The tubes are allowed to stand at room temperature for 5 minutes. 
To each tube 0.3 ml. of 6 N HCl is added, mixing each tube at once after 
the addition. The tubes are immersed into a boiling water bath for 2 
minutes, 1 ml. of 20 per cent KH,PO, solution is added, and the contents 
diluted with water to the 10 ml. mark and mixed. The fluorescence reaches 
amaximum immediately and remains stable in the daylight or in the dark 
forat least 3days. Therefore, it may be measured at any convenient time. 

The intensity of the fluorescence of the compound obtained from blood 
filtrates by this method follows the same curves with respect to tempera- 
ture and pH as those which are given by Huff and Perlzweig (7) for N'- 
methylnicotinamide. 

Calculattons—In this laboratory DPN of 77 per cent purity, kindly sup- 
plied by Dr. Philip Handler, gives a recovery value with blood filtrate of 
15 divisions per microgram, while N'-methylnicotinamide added to an 
aliquot of the same filtrate yields a value of 38 divisions per microgram in 
the Coleman model 12 fluorometer. This proportionality factor, 15/38 = 
0.4, remains constant, so that if recovery values other than 38 divisions 
per microgram of N'-methylnicotinamide are encountered a correct DPN 
value may be calculated from the above factor. However, it must be 
realized that this is a recovery value and is not the same as that obtained 
with the standard solution alone. 


Example of Calculation 
Hematocrit, 42% 
Dilution, 2 ml. whole blood to 10 ml. 
0.5 ml. filtrate ( = 0.1 ml. blood) taken for analysis, also 0.5 ml. filtrate + 0.5 
N'smethylnicotinamide for recovery value 
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Readings 
Blood filtrate 58 divisions 
Blank 12 
Recovery 78 " 
58 — 12 = 46 divisions for 0.1 ml. whole blood 
oi 78 — 58 = 20 " ** 0.5 y N!-methylnicotinamide 
40 = galt ee = 
40 X 04 = 16 divisions for 1 y DPN 
~ x = 29 y DPN per 1 ml. whole blood 
29 ‘ 
R < 100 = 68 y DPN per | ml. erythrocytes 


In Table I are shown the results of twenty-seven analyses performed on 
the blood of sixteen normal subjects, all but one of whom are between the 
ages of twenty and thirty. The bloods of six subjects were analyzed 
several times over a period of 5 months. Fourteen of the samples were 
also analyzed by the microbiological method with Hemophilus parain- 
fluenzae (2). 

In all twenty-seven samples the whole blood was analyzed by the fluoro- 
metric method and the DPN content of the red blood cells was calculated. 
In five instances the red blood cells were also analyzed separately, and the 
results are shown in parentheses in Table I, the fifth column. The results 
so obtained agree quite well with the calculated values. 

The data indicate agreement between the results by the two methods with 
an average difference of 2 y higher by the chemical procedure, and a range 
from —10 y to +15 y. The divergences are believed to be due largely 
to the variability inherent in the microbiological rather than in the chemical 
method, as is evidenced by inconstant duplicate results obtained in the 
bacterial assays, whereas with the chemical method duplicate determina- 
tions give uniformly reproducible results. 

Kohn, Bernheim, and Felsovanyi (2), employing Hemophilus parain- 
fluenzae, determined the V factor in the red blood cells of 53 normal sub- 
jects, and their values ranged from 50 to 100 y expressed as DPN, with 95 
per cent of the values falling between 50 and 90 y. Hoagland and Ward 
(4), using the Hemophilus influenzae nitrite technique, reported a range 
of 50 to 70 y for 60 normal subjects with 90 per cent of the values between 
47 and 67 y. In the estimation of the total nicotinic acid in the red blood 
cells by a colorimetric chemical method Klein, Perlzweig, and Handler 
(5) found a range of 12 to 15 y of nicotinic acid with a mean of 13 y in 
eight subjects, which is equivalent to 70 y in terms of DPN. While the 
values obtained by the fluorometric method tend to be higher than those 
in the three series quoted, the ranges of the different series overlap rather 
closely. 
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TABLE [ 


Total Pyridine Nucleotides in Erythrocytes of Sixteen Normal Individuals ; Comparison 
of Results by Fluorometric and Microbiological Methods 





Pyridine nucleotides expressed as DPN 

















Subject Sex Date — Alkaline acetone method Hemophilus para- 
ss ai —_—. influenzae bioassay, 
Whole blood | Red blood cells* ed blood cells 
per cent ¥ per mi. y per mil. ¥ per ml. 
L. A. F. Feb. 5 39 32 83 
“« 614 42 37 89 
Apr. 17 43 28 67 70 
May 28 42 33 78 (80)* 7! 
E. \V M Feb. 5 52 32 62 
“« 19 52 43 S4 
Apr. 17 | 52 41 79 89 
May 30 51 40 79 79 
J. E.R. F. Feb. 12 45 35 80 
“« 14 44 33 75 
June 4 45 32 73 
E. E F Feb. 14 37 29 78 68 
May 30 46 32 70 (67) 75 
W.A.P M Mar. 27 44 31 69 67 
June 4 46 31 62 
B. L F. | Mar.27 | 44 33 7 | 75 
June 4 42 34 | §2 
8. 8. M Mar. 27 49 38 | 78 | 7 
J.W.H * . 2ig 41 81 
J.B. . 29 | 44 37 S84 | 69 
P. H. ses S i @.t.a- | 75 67 
8. U. “ May 28 | 53 44 85 (87) | 8sl 
C.N.B ” “si 8 42 | 87 (79) 74 
F. R. “ “« 2/| S1 | 41 | 80(80) | 90 
J. W. = June 4 50 31 62 | 
G.N. “| “* 4) @ | 4@ 85 | 
E. R. = | « 6! Selva | 82 
SE ® aad a 
Range 2 8 | 2844 | 62-89 | 67-00 
Average + s.D. eetieua 36+5 | 77+8 76 + 7.5t 





* All values for red blood cells were calculated from whole blood determinations 
by hematocrit, except the values in parentheses, which were obtained from the direct 


analysis of the cells. 
t The range for these fourteen samples analyzed by the acetone method was 67 to 


87, average 77 + 6 y per ml. 


With several blood samples either no growth or very slight growth was 
obtained with the microbiological assay, while the fluorometric method 
yielded consistently normal values. Apparently the bacterial growth may 
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be influenced by the presence of certain unknown inhibitory substances 
which do not affect the fluorometric procedure. 

The acetone method was applied to the plasma of ten of the subjects 
in this series and values were found ranging from 0.2 to 1.2 y, averaging 
0.7 y per ml. of plasma. It was previously established by Kohn et al. 
(2) that human plasma contained no factor V or DPN detectable by the 
growth of Hemophilus parainfluenzae. In view of this it is quite likely that 
the fluorescence obtained with the acetone-alkali reaction may be due 
either to a degradation product or to N'!-methylnicotinamide being trans- 
ported from its origin to the kidneys. Further experiments involving 
dosage with nicotinamide and nicotinic acid may lead to the determination 
of the nature of this compound. 

Because of the technical difficulties of obtaining sufficient amounts of 
white blood cells from normal individuals to permit unambiguous analyses, 
we are unable at this time to report any values. The application of the 
method to the determination of the coenzymes in tissues and in the leuco- 
cytes is being investigated. 

The acetone condensation reaction was found, thus far, to yield 
fluorescent derivatives with DPN, TPN, and N'-methylnicotinamide 
only, and since the latter is a normal metabolite, it is important to be able 
to differentiate between it and the coenzymes. Apart from the micro- 
biological assays, another, more rapid means of differentiation is available 
in the alkaline butanol fluorometric procedures (10-12) which do not 
respond either to purified coenzyme preparations or to the derivative 
normally found in the red blood cells. Repeated analyses of normal whole 
blood and of erythrocytes confirm this finding. 

The distribution and transport of the pyridine nucleotides and of N’- 
methylnicotinamide occurring after varying dosages with nicotinic acid 
and nicotinamide will be investigated by the use of the two above methods 


SUMMARY 


The fluorometric acetone condensation method for the determination of 
N'-methylnicotinamide in urine has been adapted to the quantitative 
estimation of the pyridine nucleotides in human erythrocytes by a simple 
and rapid procedure. The values obtained by this method were compared 
with those determined by a microbiological procedure and were shown to be 


in good agreement. 
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SOME CHEMICAL FACTORS WHICH INFLUENCE THE 
AMINO ACID REQUIREMENTS OF THE 
LACTIC ACID BACTERIA* 


By CARL M. LYMAN, OLIVE MOSELEY, SUZANNE WOOD, BETTY 
BUTLER, anp FRED HALE 


(From the Texas Agricultural Experiment Station, Agricultural and Mechanical 
College of Texas, College Station) 


(Received for publication, October 17, 1946) 


In developing microbiological methods for the determination of amino 
acids, vitamins, and other substances of nutritional importance, it is desir- 
able first of all to have as complete and detailed information concerning the 
nutritional requirements of the organisms as it is possible to obtain. Dur- 
ing the last few years, as microbiological procedures for determining amino 
acids have been worked out in a number of different laboratories, it has 
become apparent that the amino acid requirements of the lactic acid bac- 
teria are not always fixed. Differences in the composition of the medium 
and in the conditions of the tests can result in qualitative as well as quan- 
titative differences in the amino acid requirements of some of these or- 
ganisms. The purpose of the present investigation is to gain more definite 
information concerning the chemical factors involved. 

It was shown by Stokes and Gunness (1) that the requirement of Lacto- 
bacillus delbriickii for lysine, alanine, and threonine could be eliminated by 
adding pyridoxamine to the medium. Similar results were reported for L. 
arabinosus and L. casei. The present investigation shows that vitamin 
B; influences the requirements for other amino acids as well. 

The discovery that the presence or absence of carbon dioxide is one of the 
most important factors which modify the amino acid requirements of these 
organisms came about while phenylalanine tests were being conducted with 
Lactobacillus arabinosus. It was found that, when tight caps were used on 
the tubes, instead of the usual cotton plugs, this organism no longer re- 
quired phenylalanine for rapid growth. The same result could be obtained 
by placing a layer of sterile paraffin oil on top of the medium in the tubes 
before the tests were incubated. The first interpretation of this observa- 
tion was that the difference in the behavior of the organism was due to a 
change in the available supply of oxygen. A few tests in which the cul- 
tures were grown in flasks containing purified nitrogen as the gas phase 
showed that this hypothesis was entirely incorrect. 


* Presented before the meeting of the American Chemical Society at Chicago, 
September, 1946, 
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Further investigation revealed that the retention of metabolic carbon 
dioxide in the culture medium was the primary factor involved. A tech. 
nique was then devised for studying the relationship of both carbon dioxide 
and vitamin Bs, to the amino acid requirements of the lactic acid bacteria. 
A preliminary note concerning this investigation has appeared (2). 


EXPERIMENTAL 


Except when otherwise stated, the cultures were grown in the special 
flasks shown in Fig. 1 or in Erlenmeyer flasks of 50 ml. capacity. In order 
to study the effect of various gases or gas mixtures the usual cotton plugs 
were replaced with sterile rubber stoppers after the media were autoclaved, 


> 





Fic. 1. Special flasks and arrangements for studying the relationship of carbon 
dioxide and other gases to the growth of microorganisms. A, flask with a center cup 
and filter paper saturated with KOH solution for CO, removal; B, arrangement for 
replacing the atmosphere in the culture flasks with CO,-air mixtures or other gases 
under sterile conditions. 


cooled, and inoculated. The gases were introduced by the use of sterile 
hypodermic needles thrust through the rubber stoppers. The syringes con- 
tained sterile cotton filters. After the flasks were flushed with 2 liters of the 
gas or gas mixture, the needles were withdrawn and the flasks placed in the 
incubator. The extent to which the composition of the gas phase in the 
flasks may have changed during the growth of the organisms was not deter- 
mined. 

When it was desired to remove metabolic carbon dioxide, this was done 
by the use of the type of vessel shown in Fig. 1, A. These special vessels 
were made from 50 ml. Pyrex Erlenmeyer flasks by adding center cups 
similar to those in the Warburg tissue respiration apparatus. 0.3 ml. of a 
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20 per cent KOH solution placed in the center cup served to remove the 
CO.. The purpose of the filter paper in the center cups was to provide 
more surface area and thereby a more complete removal of the carbon 
dioxide. With this type of vessel it was found to be more convenient to 
inoculate the medium before transferring it to the sterile flasks. 

The technique used for handling the organisms and inoculating the test 
cultures was the same as that previously used for the microbiological deter- 
mination of amino acids (3). 


TaBLe I 
Medium* Used in Tests with Streptococcus faecalis R 











. | gm. gm. 
MO, oss c cesses ere) 2 Pre pee Saree | 2.0 
Suceinic acid..................| 20 U(+)-Arginine..... soe 
Sodium acetate (anhydrous)...| 6 dl-Aspartic acid..... ra 

mg. l(—)-Cystine. ... aa 
Adenine sulfate ay d-Glutamic acid. ... | 0.4 
Guanine a ee eT, ee 
Uracil. .... ..| 10 1(—)-Histidine.. | 0.4 
Xanthine. . | 10 dl-Isoleucine....... ..| 0.4 
Riboflavin ....| 0.4 Ee. 
Nicotinic acid.. ee” 0.4 
Thiamine chloride. wa | dl-Methionine ................ 0.4 
Calcium pantothenate ...| 0.4 dl-Phenylalanine..............| 0.4 
| l(—)-Proline ie Pe a ae aly 0.4 

{a res = dl-Serine...... eae eles sks 0.15 
p-Aminobenzoic acid.. 2 dl-Threonine..... ren oe 0.4 
Folic acid (synthetic) oe l(—)-Tryptophane............ | 0.4 
| wal. | dl-Tyrosine. . ee 
Salt Solution A P 10 dl-Valine . . tenes | 0.4 

— * 8 ae | 





Add 12 gm. NaOH pellets and finish neutralizing with NaOH solution; dilute to 
1 liter. 
*Medium for 200 cultures of 10 ml. final volume (5 ml. of above medium per 


culture). 


The extent of growth which took place in the test cultures was measured 
in two different ways. In some of the experiments the acid produced was 
titrated with 0.1 N NaOH. In other cases, turbidimetric measurements 
were made with the Klett-Summerson photoelectric colorimeter and No. 66 
light filter. Culture medium which had not been inoculated was used as a 
blank. 

Culture Media—Table I shows the composition of the medium used for 
the tests with Streptococcus faecalis R. In the tests in which the medium 
was buffered with acetate alone, instead of with a mixture of acetate and 
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succinate, the amount of sodium acetate (anhydrous) used per test (10 ml. 
volume) was 70 mg. For the composition of the inorganic salt solutions 
see Snell and Wright (4). According to the purpose of the tests, individual] 
amino acids were omitted, as indicated in Tables II to IX. 

The composition of the medium used for the tests with Lactobacillus arab. 
inosus was the same as that described by Kuiken et al. (3), except that the 
tomato eluate preparation and vitamin Bs were omitted. 

The medium described by McMahan and Snell (5) was used for the tests 
with Lactobacillus casei. 


RESULTS AND DISCUSSION 
The effect of the composition of the gas phase above cultures of Lacto- 
bacillus arabinosus, when phenylalanine was omitted from the medium, is 


shown in Table II. It will be seen that the presence or absence of oxygen 
had some effect on the growth of the organism but that carbon dioxide was 


TABLE II 


Effect of COz, Nz, and Air on Growth of Lactobacillus arabinosus in Medium Containing 
Pyridoxine but No Phenylalanine 


The extent of growth is indicated by turbidimetric readings which are proportional 
to the optical density. A reading of zero indicates no growth. 


Composition of gas above culture medium 





Air with CO: Nitrogen with Air with 6 Nitrogen with 6 





Air Nitrogen removed CO: removed ” Said "Os saab 
13 12 2 2 105 254 


the primary factor which determined whether any growth at all took place. 
The amount of pyridoxine added to the medium in these tests was 16 y per 
10 ml. 

Tests were conducted which showed that carbon dioxide was not exerting 
its effect merely by changing the pH of the medium. A series of controls 
was run in which graded amounts of dilute hydrochloric acid were added in 
place of the carbon dioxide. Growth did not take place in any of these 
controls which varied in initial pH at frequent intervals between 5.2 and 
6.8. Rapid growth did take place when either carbon dioxide or phenyl- 
alanine was added in addition to the dilute hydrochloric acid. 

The combined effect of pyridoxine and carbon dioxide on the amino acid 
requirements of Lactobacillus arabinosus is shown in Table III. The amino 
acids listed in Table III may be divided into three groups. The first group 
includes threonine, lysine, and alanine. These were all found to be essential 
for growth when vitamin Bs was omitted from the medium. The addition 
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of 16 y of pyridoxine per 10 ml. of medium resulted in the growth of the 
organism in the absence of any one of these amino acids. It will be noted 
that vitamin Bs was not required for substantial growth when all of the 
amino acids were present in the medium. 

The amino acids in the second group (arginine, phenylalanine, and tyro- 
sine) were found to be essential even in the presence of pyridoxine, provided 
that carbon dioxide was not available to the organism. When both carbon 
dioxide and pyridoxine were present, rapid growth took place when each of 
these amino acids was omitted in turn. It is perhaps significant that car- 
bon dioxide should have such an influence on the requirements for amino 


Taste III 
Effect of Carbon Dioxide and Pyridoxine on Amino Acid Requirements of 
Lactobacillus arabinosus 
The figures show the amount of 0.1 N sodium hydroxide required to titrate 5 ml. 
aliquots from 10 ml. cultures after incubation for 72 hours. 





Flasks stoppered with loose Sealed flasks, with COz-air 
cotton plugs mixture 
Amino acid omitted ee eee, pee ee eee 
Without | 16 y pyridoxine Without | 16 y pyridoxine 
per flask 


pyridoxine per flask | pyridoxine 

ml. ml. ml. mil. 

Threonine. . 0.18 2.74 0.20 2.54 
Lysine....... 3 0.42 5.61 0.42 | 65.52 
Alanine......... 0.31 4.30 0.30 3.57 
Arginine........... 0.36 0.43 0.51 | 5.29 
Phenylalanine... 0.60 0.63 0.88 5.00 
Tyrosine... 0.43 0.46 0.63 4.21 
Serine... . 1.02 5.82 0.99 5.95 
Histidine 0.99 6.16 0.70 5.68 
Aspartic acid 0.95 3.73 1.59 5.00 
5.75 4.17 | 5.91 


None... 4.33 


acids which differ in chemical structure as much as arginine and phenylala- 
nine. 

None of the amino acids listed in the third group, namely serine, histi- 
dine, and aspartic acid, were found to be essential even when vitamin Beg 
was omitted from the medium. However, the extent of growth in the ab- 
sence of any one of these was markedly increased by the addition of pyri- 
doxine. In another experiment this was found to be true for proline as 
well. 

The requirement of Lactobacillus arabinosus for the amino acids, valine, 
leucine, isoleucine, tryptophane, cystine, and glutamic acid, was found to 
eo by the presence or absence of both carbon dioxide and pyri- 
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When an organism grows in 2 medium from which one of the naturally 
occurring amino acids has been omitted, it is logical to assume that the 
organism is synthesizing its own supply of this amino acid. Evidence jy 
support of this assumption was obtained in the following manner. Lagfy. 
bacillus arabinosus was grown in | liter of culture medium which did not 
contain tyrosine. Carbon dioxide was supplied by replacing the air in the 
flask with a carbon dioxide-air mixture in the same manner as with the 19 
mil. culture tests. After 3 days incubation, the bacteria were collected by 
centrifugation, washed, and dried. The dried solids weighed 0.3518 gm, 
This material was analyzed for tyrosine by Block and Bolling’s (6) adapta. 
tion of the Millon-Folin method. 3.4 mg. of tyrosine were found. 


TABLE IV 
Effect of Pyridoxine on Amino Acid Requirements of Streptococcus faecalis R 


The figures show the amount of 0.1 N sodium hydroxide required to titrate 5 ml, 
aliquots from 10 ml. cultures after incubation for 72 hours. 





Succinate-acetate buffer Acetate buffer 
Amino acid omitted | — a 7 . ——< 
Without | 16 y pyridoxine Without "16 y pyridoxine 
pyridoxine per tube pyridoxine per tube 

mil. mil. ml. mi. 
Lysine....... ; 0.34 1.37 0.35 0.36 
Phenylalanine 0.48 3.24 0.55 2.61 
Tyrosine. . suvcscecvenl, al 2.54 0.44 1.63 
Aspartic acid. . ee, a 3.36 0.45 2.62 
Serine.... ee ere 0.28 1.94 0.21 0.94 
Alanine....... niewreRerd 0.20 1.12 0.23 1.51 
Cystine. er. ; fay 0.41 1.16 0.24 1.00 


_ Ree ne | 4.12 4.11 3.06 3.40 


Table IV shows the effect of pyridoxine on the amino acid requirements 
of Streptococcus faecalis R. These tests were carried out in ordinary 18 mm. 
culture tubes instead of in special flasks. Snell and Guirard (7) have shown 
that Streptococcus faecalis R will grow without added vitamin Beg if the 
medium contains relatively large amounts of alanine. The medium used 
for this organism in the present investigation contained 1 mg. of alanine 
per ml., except in the one case in which alanine was omitted entirely. 

In the tests with the succinate-acetate buffer, pyridoxine made no dif- 
ference in the extent of growth when all of the amino acids were present, 
but did make a very significant difference when any one of seven different 
amino acids was omitted. The effect of pyridoxine or une lysine require- 
ment is of particular interest. It will be noted that the addition of pyri- 
doxine had no effect on the requirement for this amino acid when acetate 
alone was used as the buffer in place of the succinate acetate mixture. It 
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appears that Streptococcus faecalis R has the enzymic mechanism for syn- 
thesizing lysine, provided that the proper substrates are present. 

No effect of pyridoxine and carbon dioxide on the requirements of Strep- 
neoccus faecalis R for the following amino acids was found: valine, leucine, 
ioleucine, arginine, histidine, tryptophane, threonine, methionine, and 

ic acid. 

Tables V and VI show the relationship of both carbon dioxide and pyri- 
doxine to the requirement of Streptococcus faecalis R for aspartic acid. Two 
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TaBLE V 
Effect of Carbon Dioxide and Pyridoxine on Growth of Streptococcus faecalis R in 
Media with and without Aspartic Acid 
The figures show the amount of 0.1 nN sodium hydroxide required to titrate 5 ml. 
diquots from 10 ml. cultures after incubation for 72 hours. 








Flasks stoppered with loose | Sealed flasks with 
cotton plugs CO+rair mixture 





Amino acid omitted from medium — 
16 y pyridoxine 








Without | 167 pyridoxine | Without | 
| pyridoxine | pertube | pyridoxine | per tube 
. | ml. ml. mil. mi. 
Aspartic acid... . 0.58 1.09 | 0.71 4.04 
None... 4.72 | 4.65 | 4.65 4.58 
TABLE VI 


Rifect of Pyridoxine, CO2, Nz, and Air on Growth of Streptococcus faecalis R in Medium 
without Aspartic Acid 


Turbidimetric readings after 24 hours incubation. 








Composition of gas above culture medium 











P | : ae: re Nitrogen | \; 

Air (loose Air Air with | Air with : | Nitrogen 
cotton | (sealed | 6 per cent CO: = cy | with 
plugs) flasks) ‘Ody added| removed dded removed 

| a 
Medium without pyridoxine... bee fw hee 0 0 0 
Gy pyridoxine per tube....... 25 | 103 | 138 | 7 96 0 


different criteria for the growth of the organism were used in these tests 
because it is known that the effect of certain growth-stimulating substances 
on bacteria can be demonstrated only in the early stages of growth. Pyr- 
idoxine and carbon dioxide exert their effect early in the growth of the 
cultures, as indicated by turbidimetric measurements after short time 
growth periods; and this effect is maintained throughout the rest of the 
growth period, as is shown by titrations after 3 day incubation periods. It 


will be seen that both carbon dioxide and pyridoxine are necessary for the 
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growth of Streptococcus faecalis R when aspartic acid is omitted from th 
medium. 

The relationship of vitamin Bs to amino acid requirements is more diff. 
cult to demonstrate in the case of Lactobacillus casei since this organism m 
quires vitamin B, for growth on the usual synthetic medium with all of the 
amino acids present. Table VII shows the relationship of carbon dioxide 
to the requirement of this organism for aspartic acid. 

No relationship was found between the amino acid requirements of Ley. 
conostoc mesenteroides and either carbon dioxide or vitamin Be. 

It was found that the effects which have been shown for pyridoxine with 
both Lactobacillus arabinosus and Streptococcus faecalis R could be pro- 
duced by much smaller amounts of pyridoxamine. 

A few experiments were carried out which give some indication as to the 
probable mechanism by which carbon dioxide and pyridoxine influence the 
amino acid requirements of these bacteria. 


Tasie VII 


Effect of COz, N2, and Air on Growth of Lactobacillus casei in Medium 
Containing Pyridorine but No Aspartic Acid 


The extent of growth is indicated by turbidimetric readings which are proportional 
to the optical density. A reading of zero indicates no growth. 


Composition of gas above culture medium 


Air with COz2 | Nitrogen with Air with 6 per Nitrogen with 6 


Air Nitrogen removed CO: removed cent CO: added | per cent CO: added 
64 47 2 3 164 159 


! 


The first test was to determine whether carbon dioxide was functioning 
in an indirect manner by way of carbohydrate metabolism. Such a pos 
sibility was suggested by the work of Brown, Wood, and Werkman (8), 
who showed that the fixation of carbon dioxide constitutes a major step in 
the fermentation of glucose by Clostridium butylicum. The data given in 
Table VIII show that both Lactobacillus arabinosus and Streptococcus 
faecalis R can actively ferment glucose in the absence of carbon dioxide. 
In these experiments a heavy suspension of washed cells was added to sterile 
test solutions containing glucose, vitamins, minerals, and buffer. Such a 
solution was prepared by omitting the amino acids from the usual culture 
medium. Since all of the amino acids were omitted, no further growth of 
the bacteria could take place. 

The fact that both carbon dioxide and some form of vitamin Bs are neces 
sary for the synthesis of certain amino acids by these lactic acid bacteria 
suggests that carbon dioxide is being built up into organic molecules which 
are eventually transformed into amino acids. The findings further suggest 
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that vitamin B, constitutes a part of the enzyme system which carried out 
this synthesis. The simplest chemical reaction requiring both of these 
factors would be the reversal of the amino acid decarboxylase system. 

The decarboxylation of phenylalanine would result in the formation of 
¢phenylethylamine. The effect of 8-phenylethylamine on the growth of 
Lactobacillus arabinosus in media without phenylalanine was therefore 


Tasie VIII 
Fermentation of Glucose by Washed Lactic Acid Bacteria 


The figures show the amount of 0.1 n NaOH required to titrate the acid formed 
in 10 ml. of bacterial suspension after 14 hours incubation. 


| Composition of gas above suspension 


Organism  caemmmetapenes idea Vin URE 4 RO 
Nitrogen with CO: Nitrogen with 6 per 


removed cent CO: added 
= mi. mi. 
Jactobacillus arabinosus 4.32 4.70 
Streptococcus faecalis R 5.52 5.48 


TaBLe IX 


Effect of 8-Phenylethylamine on Growth of Lactobacillus arabinosus in Media 
Containing Pyridoxine but No Phenylalanine 


Titration 
Additions Amount Gas phase value,* 0.1.N 
NaOH 
mg. ml. 

None...... Air (cotton stoppers) 0.31 
mos CO,-air mixture 3.34 
8§-Phenylethylamine 0.5 ” m 4.70 
- 2.0 “4 «  §.50 
Phenylalanine. . 2.0 Air (cotton stoppers) 7.25 
8-Phenylethylamine 2.0 7 13 o 6.84 


° 


Plus phenylalanine 





*5 ml. aliquots from 10 ml. cultures. 


tested. The synthesis of phenylalanine by this reaction would be repre- 
sented as follows: 


€ Scu—cu.—vn, + CO, -— € _>et—cHNH.—coon 


When the medium contained the usual quantities of acetate buffer (70 mg. 
per 10 ml. of culture) no effect of 8-phenylethylamine could be demon- 
strated. However, when the amount of acetate in the medium was reduced 
from 70 to 25 mg. per test and citrate was added as a buffer, the growth of 
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the bacteria in the absence of phenylalanine was greatly reduced. Under 
these conditions ‘the addition of 8-phenylethylamine markedly increased 
the amount of growth. Results typical of these tests are given in Table 
IX. It will be seen that the addition of the amine did not increase the 
growth of the organism in the presence of phenylalanine. 

A positive effect was also obtained when the acetate was omitted entirely 
and phosphate was used as a buffer. In one such experiment, the turbidi- 
metric reading was 156 in the test without 8-phenylethylamine and 226 jn 
the test with 5 mg. of 8-phenylethylamine. The medium did not contain 
any phenylalanine. This last experiment may be subject to the criticism 
that Lactobacillus arabinosus usually does not grow well when all of the 
acetate is omitted. A very heavy inoculum was used in these tests. 

It appears that in certain cases the biological reversal of the decarboxylase 

saction may be possible. However, in tests with Lactobacillus arabinosus 
it was found that isobutylamine plus carbon dioxide could not replace valine 
in the presence of vitamin Bs. It was also found that isoamylamine plus 
carbon dioxide could not replace leucine for the growth of this organism. 

It seems probable that vitamin Bes and carbon dioxide function in reae- 
tions leading to the synthesis of amino. acids other than the reversal of the 
decarboxylase reaction. Kritzmann (9) has shown that liver slices can form 
a-amino nitrogen in the presence of pyruvate and bicarbonate buffer. 
When the bicarbonate buffer was replaced with phosphate buffer, the syn- 
thesis stopped unless carbon dioxide was also added. 


SUMMARY 


1. A new technique was devised for studying the relationship of carbon 
dioxide to the growth of microorganisms. 

2. Carbon dioxide and vitamin Bs were found to be important factors 
which modify the amino acid requirements of some of the lactic acid bae- 
teria. Experiments showing the relationship of both of these factors to the 
amino acid requirements of Lactobacillus arabinosus, Streptococcus faecalis 
R, and Lactobacillus casei are given. 

3. Evidence was obtained which indicated that one pathway of amino 
acid synthesis in these bacteria may be the reversal of the amino acid decar- 
boxylase reaction. 
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A NEW SPECIFIC COLOR REACTION OF HEXURONIC ACIDS* 


By ZACHARIAS DISCHE 


(From the Department of Biochemistry, College of Physicians and Surgeons, 
Columbia University, New York) 


(Received for publication, July 1, 1946) 


The microdetermination of hexuronic acids has hitherto been based on 
two reactions: (1) the decomposition by hot HC! with formation of furfural 
and carbon dioxide (Tollens’ reaction), and (2) the color reaction with 
naphthoresorcinol. 

The first reaction is not quite specific, for true sugars and amino sugars 
give rise under the same conditions to indeterminate amounts of the same 
products. Moreover, uronic acids cannot be accurately determined in 
polyuronides by measuring the furfural formed. On the other hand, though 
good results can be obtained by estimating the carbon dioxide produced 
from pure alginic and pectic acids (1), the method requires at least a few 
mg. of material and is inconveniently elaborate for serial determinations. 
Furthermore, no accurate results can be obtained with this procedure in the 
presence of a large excess of true sugars or proteins. 

The color reaction with naphthoresorcinol is by no means specific for 
uronic acids. Many carbonyl acids (ascorbic acid) and polyhydroxy acids 
(mucic acid) react in the same way. Simple conjugated uronic acids and 
polyuronides react apparently only after hydrolysis, while, according to 
Jorpes and Bergstrém (2), heparin does not react at all. The rate of the 
hydrolysis and of the concomitant destruction of the hexuronic acid in- 
fluences the intensity of the reaction with naphthoresorcinol. According 
to Meyer, Bloch, and Chaffee (3) it is possible to use the naphthoresorcinol 
reaction, under rigorously defined conditions, for the determination of 
uronic acids in certain polyuronides after isolation and methanolysis. How- 
ever, it gives completely unsatisfactory results, qualitatively and quantita- 
tively, in the presence of proteins and true sugars. In Deichmann’s modi- 
fication (4) of the reaction its specificity seems improved and the influence of 
impurities decreased. The fact that this author obtained low values for 
uronic acids in urine indicates that certain difficultly hydrolyzable con- 
jugated uronic acids and polyuronides may, under the specified conditions, 
not react with the intensity corresponding to their uronic acid content. 

This report deals with a highly specific and sensitive color reaction of 
hexuronic acids and its application to their microdetermination in biological 


*This work was supported by a grant from The International Cancer Research 
Foundation. 
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materials. It is based on the following principle, first used in 1929 by the 
writer in the microanalysis of sugars (5). When sugars are treated with 
concentrated mineral acids (H,SO,, HCl) they yield mixtures of produets 
which react with various organic substances (indole, diphenylamine, car. 
bazole, and SH compounds) to give colors. In some of these reactions 
different groups of sugars (pentoses, hexoses, desoxypentoses) and even 
individual sugars of the same group (e.g. mannose and glucose) show marked 
differences in the speed of the development of the color and in its absorption 
spectrum. By choosing appropriate conditions of acid concentration, 
temperature, and time, it has been possible to make some of these genera] 
reactions of carbohydrates more specific (6-8). 

The application of the same principle to hexuronic acids in the present 
investigation had led to three new forms of the reaction with H.SO, and 
carbazole. One of these reactions described here has proved highly speeifie 
for hexuronic acids. The others, which appear adaptable to the tentative 
identification of individual members of this group, will be discussed in a 
subsequent report. 


EXPERIMENTAL 


Procedure—1 cc. of the solution containing 5 to 100 y of uronic acid is 
mixed, with cooling, with 6 ce. of concentrated H.SO, (c.p.) and heated for 
20 minutes in a boiling water bath. This mixture is cooled to room tem- 
perature and 0.2 ce. of a 0.1 per cent alcoholic solution of pure carbazole 
is added with shaking. After a few minutes a pink color appears; the in- 
tensity of this increases for 2 hours and then remains practically unchanged 
for at least an hour. Later the color decreases slowly and loses about one- 
third of its intensity after 24 hours. 

The pink color shows a very characteristic sensitivity towards water. 
If 3.8 ec. of water are added with cooling to the reaction mixture, the color 
fades rapidly and disappears completely in about 3 minutes. _ If the mixture 
is now left at room temperature for many hours, a weak violet color appears. 
This reaction is common to all sugars and will be described later. 

Sensitivity of Reaction—The pink color is just perceptible when the solu- 
tion contains 5 y of uronic acid per cc. The maximum absorption is at 530 
my (measured in a Coleman spectrophotometer). In the Klett-Summer- 
son photoelectric colorimeter with Filter 54, a solution of 50 y per ce. gives 
a reading of about 215. With micro tubes it is possible to detect 1 of 
uronic acid. 

Specificity—At a concentration of 0.01 per cent, at which uronic acids 
give a deep violet-red color, no visible reaction is given by true sugars. 
With higher concentrations colors are obtained, but these differ consider- 
ably from that given by uronic acids. Heating 1 part of a sugar solution 
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(0.05 per cent ) with 6 parts of concentrated H,SO, for 20 minutes produces 
a more or less intensive yellow or brown color with a maximum of absorp- 
tion at about 430mu. When carbazole is added, pentoses show after 2 hours 
only an intensification of the yellow color produced by H,SO, without any 
shift in the absorption maximum. In the case of hexoses the color changes 
from brown to brown-red and a second broad absorption maximum 
between 490 and 530 mz (for glucose) appears (Fig. 1). The colored reac- 
tion product also differs from that obtained with uronic acids in its behavior 
on dilution with H.O. When 3.8 parts of H,O are added, an intense violet 
color appears and grows rapidly in intensity, while with uronic acids the 
solution becomes colorless under these conditions. Ascorbic, mucic, and 
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Fig. 1. Absorption spectra for glucuronic acid (Curve I), ribose (Curve IT), and 
glucose (Curve III) in the carbazole reaction, determined with a Coleman universal 
spectrophotometer, model 11. Wave-length in mug. 


hydroxypyruvic acids,! which react with naphthoresorcinol, give no color 
with carbazole even at 0.05 per cent. The high specificity of this reaction 
is further emphasized by the fact that with the 2-ketohexonic acid at 0.05 
per cent the reaction is negative. No color was developed with 0.05 per 
cent solutions of pyruvic, acetoacetic, lactic, fumaric, succinic, malic, ace- 
tie, or formic acid, acetone, urea, and guanidine. 

Behavior of Various Hexuronic Acids in Free and Conjugated Form—Be- 
sides glucuronic acid the following substances were tested and the intensity 
of color produced by them compared with that of an equivalent amount of 


‘Tam greatly indebted to Dr. Sprinson for a preparation of hydroxypyruvic 
acid in solution. 
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glucuronic acid: galacturonic acid,? 1-mentholglucuronide, hyaluronic acid, 
chondroitinsulfuric acid (from cartilage) chondridin, heparin, type I and 
type III pneumococcus polysaccharides, pectic acid, arabic acid. The 
purity of the preparation of glucuronic acid was checked by rotation. The 
content in uronic acids of the preparations of hyaluronic acid and of Ba 
salts of galacturonic acid, chondroitinsulfuric acid, and heparin (crystallized 
Ba salt of Scott and Charles)* was determined by the modification of 
Freudenberg et al. (9) of the method of Tollens and Lefévre. That of lj 
the others (except pectic acid) was determined by titration of acidic groups. 
The pectic acid was a product distributed by the California Fruit Growers 
Association, which according to Link and Nedden (10), consists of 95 to 
99 per cent of pure galacturonic acid. The relative values of the intensity 
of color reaction compared with that of equivalent amounts of glucuronic 
acid are listed in Table I. As can be seen, the galacturonic acid gives a 
color 21.5 per cent (average from two determinations) weaker than an 
equivalent amount of glucuronic acid. The glycosidic link in menthol- 
glucuronic acid causes a decrease of color intensity of 15 per cent. With 
this glucuronide the reaction mixture shows a light brown color even before 
the addition of carbazole. This color is apparently due to a reaction be- 
tween menthol and a decomposition product of the glucuronic acid. The 
absorption due to this side reaction must be deducted from the absorption 
found after addition of carbazole. The polyuronides investigated gave 
color values either corresponding to (polysaccharide type III) or greater 
than their content in hexuronic acid. In the case of heparin the intensity 
was 62 per cent higher (average from two determinations) than that of an 
equivalent amount of glucuronic acid. Alginic acid was the only polyu- 
ronide showing a considerably lower color intensity than an equivalent 
amount of glucuronic acid. This may be due to the fact that mannuronic 
acid reacts much more weakly than glucuronic acid with carbazole. Pure 
mannuronic acid was not available for comparison. See Table I. 
Influence of Various Constituents of Tissues and Body Fluids on Carbazole 
Reaction of Hexuronic Acids. Sugars—The carbazole reaction of true 
sugars, while different from that of hexuronic acids, causes an appreciable 
absorption of 530 mu. The absorption is derived from two sources. One, 
a reaction of the sugar with the sulfuric acid alone (Reaction A), is respon- 
sible for the first absorption maximum at 430 my (Fig. 1) of hexoses and 
‘an be easily accounted for by measuring the absorption of the reaction 
mixture before the addition of carbazole. The second, and smaller (Reac- 


* A Ba salt prepared from pectin according to Link and Nedden. 

*I am greatly indebted to Dr. Karl Meyer for these preparations; also to Dr. 
Michael Heidelberger for the preparations of pneumococcus polysaccharides and of 
arabic acid, and to Dr. Leonard Cretcher for a preparation of alginic acid. 
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tion B), is due to the reaction with carbazole. Its intensity varies con- 
siderably more than is the case with hexuronic acids from one determination 
to another (though duplicates in one and the same determination did not 


TABLE I 


Comparison of Intensity of Carbazole Reaction of Various Polyuronides with That of 
Solutions of Corresponding Free Uronic Acids 


Ig = the ratio of intensity of glucuronic acid to that of an equivalent amount 
of polyuronide. 











Eaperi- | Concentra- | Deviation 
ment Substance in solution — |Density) Jp ft © 
No. | uronic acid | | value 

| | per cent 
I | Glucuronic acid | 0.008 | 350 | 
Galacturonic acid | 280 
Hyaluronic acid, umbilical cord | 0.008 | 395 | 1.13} 413 
s “corpus vitreum — 0.008 | 395 | 1.13 | +13 
Chondroitinsulfuric invert acid from car-| 0.008 | 305 | 0.88) —12 
tilage | 
Heparin 0.005 345 | 1.57 | +57 
Polysaccharide pneumococcus type I | 0.008 | 325 | 0.93 | +15 
Alginic acid | 0.015 | 132 | 0.20 
II | Glucuronic acid | 0.010 | 390 | | 
Polysaccharide pneumococcus type III | 0.010 | 410 | 1.05% +5 
Chondroitinsulfuriec acid from cartilage 0.010 | 360 | 0.92 —8 
III | Glucuronic acid 0.005 | 222 
Galacturonic acid 0.005 | 172 | 0.78 | 
Hyaluronic acid 0.005 | 250 | 1.13) +13 
Pectic acid | 0.005 | 1700.78 0 
IV | Glucuronic acid | 0.005 | 210 | 
Hyaluronic “ 0.005 | 245 1.17, +17 
Heparint — 0.005 | 348 1.68 +68 
Mentholglucuronide | 0.005 | 208 | 0.99 —1 
V | Glucuronic acid | 0.010 400 | 
Mentholglucuronide | 0.010 340 0.85 —-15 
VI | Galacturonic acid | 0.004 | 166 | | 
Polysaccharide pneumococcus type I 0.004 | 191 | | +15 
VII | Glucuronic acid 0.004 
_ Mentholglucuronide 0.005 200 0.89, —-I11 





* Corrected for glucose content. 
} The uronic acid in heparin was assumed to be glucuronic acid. 


differ by more than 3 per cent). The absorption due to Reactions A and 
B was found proportional to the concentration of sugar between 0.02 and 
0.05 per cent. Furthermore the intensity of the reaction with carbazole 
of solutions containing glucuronic acid and glucose is equal to the sum of 
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the intensities for each of the two constituents in solution (Table IID). The 
relative intensities of Reaction B expressed in per cent of the intensity of an 
equivalent amount of glucuronic acid, for six different sugars, can be seep 
from Table IIT. 

Proteins—The polyuronides of the animal tissues are commonly linked to 
proteins and no reliable method exists for their quantitative separation, 
To test the possibility of using the carbazole reaction as a guide in the 
purification of polyuronides it was necessary to investigate the influence of 
proteins on our reaction. In these experiments we used either human 
serum or an equivalent aqueous solution of serum proteins obtained by 
precipitation of human serum with 9 parts of absolute ethanol. Three dilu- 


TaB_Le II 


Recovery of Hexruronic Acids Added to Solutions of Glucose 





Sapenen Substance in solution Concentration Density cmt dae 
' lated value 
per cent 
I Glucuronie acid 0.004 204 
Glucose 0.050 74 
Glucuronie acid 0.004 98 
+ glucose 0.050 274 
II Glucuronie acid 0.004 180 
Glucose 0.040 68 
Glucuronic acid 0.004 245 99 
+ glucose 0.040 
Glucuronic acid 0.002 87 
" - 0.002 155 100 
Ill Galacturonice acid 0.005 225 
Glucose 0.050 90 
Galacturonic acid 0.005 95 
+ glucose 0.050 300 


tions of serum or serum protein solution were prepared, 1:175, 1:35, and 
1:15. Samples of these diluted protein solutions were mixed with equal 
volumes of a solution of hexuronic acid and the intensity of the carbazole 
reaction of these mixtures was compared with that of two similar solutions 
containing, respectively, the proteins and the hexuronic acid alone. The 
results are listed in Table IV. With the dilution 1:175 of the original 
serum, which would correspond roughly to a final protein concentration in 
the solution of 0.02 per cent, the color intensity of the mixtures of glucuronic 
acid and protein was practically identical with the sum of intensities of its 
constituents. At this concentration, therefore, the proteins have no hexu- 
ronic acids. At a concentration of 0.1 per cent a depressing effect of the 
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proteins (about 20 per cent) was observed. At 0.25 per cent this depress- 
ing effect was 35 to 44 per cent (for chondroitinsulfuric acid and galactu- 
ronic acid). The per cent decrease in the color intensity of uronic acids is 
independent of the concentration of the acids. In principle, therefore, it 
should be possible to determine hexuronic acids in solutions containing a 
100-fold excess of proteins. It is only necessary to this end to determine 


Tase II 
Carbazole Reaction of True Sugars 
Ig = the ratio of the reaction intensity of a compound to that of an equivalent 
amount of glucuronic acid. 





“a Substance in solution Concentration Density Ir 
« per cent 
I Glucuronic acid 0.004 180 
Glucose 0.040 68 0.038 
Galactose 0.050 161 0.074 
Mannose 0.040 56 0.031 
Arabinose 0.080 40 0.011 
Xylose 0.080 53 0.014 
II Glucuronic acid 0.002 86 ‘ 
Glucose _ 0.020 44 0.051 
am 0.040 94 | 0.055 
Mannose 0.040 | 42 0.025 
Ill Glucuronic acid 0.007 94 
Arabinose 0.050 31 | 0.013 
Xylose 0.050 30 0.013 
Ribose 0.050 29 0.012 
IV Glucuronic acid 0.004 189 
Glucose 0.050 128 0.053 
Galactose 0.050 121 0.051 
Mannose 0.050 86 0.037 
V Glucuronic acid 0.004 177 
Glycogen 0.050 96 0.042 
Glucose 0.050 88 0.039 
VI Glucuronic acid 0.004 208 
Glucose 0.050 86 0.033 
Glycogen 0.050 108 0.046 


the percentage of the depressing effect of the unknown solution on a known 
amount of hexuronic acid added to this solution. 

SH Compounds—lIt has been shown (11) that sulfhydryl groups interfere 
with the color reactions given by furane derivatives, formed from sugars 
by strong acids, in the presence of derivatives of indole substituted in posi- 
tion 3. The same was found true for the color reactions of sugars with 
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carbazole and H,SO,. Sulfhydryl compounds accelerate the development 
of the color in this reaction and increase its maximum intensity. This ig 
also true for the carbazole reaction of hexuronic acids. Cysteine, gluta- 
thione, and thioglycolic acid accelerate strongly the development of the 
color in this reaction. In the presence of 0.1 per cent of cysteine the maxi- 
mum color intensity is obtained after 3 minutes instead of the normal 2 
hours. This maximum intensity is a little higher than without cysteine, 
but it remains practically unchanged for only about 15 minutes and then 
begins to decline. This accelerating effect of sulfhydryl groups is still 
more pronounced in the case of true sugars. It is therefore necessary to 























TaBLe IV 
Recovery of Hexuronic Acids Added to Serum and Serum Proteins 
Experi | Hexu- 
ment Substance in solution Density & 
No. 
covered 
| —\ a 
I | (a) Basalt of chondroitinsulfuric acid, 0.0034% uronic acid | 140 
— 2 * 0.0068% “ “ | 268 | 
(c) Serum proteins alone, 0.4% 34* 
(a) + (c) Ba salt + serum proteins 185 65 
(6) +(c) *§ “ + * = 218 62 
II | (a) Glucuronie acid, 0.002% | 94 
(b) Serum alone diluted 1:350 7 
| (a) + (b) Glueuronic acid 0.002% + serum 1:350 99 | %%6 
(c) Serum alone diluted 1:70 22 CO 
| (a) + (ce) Glucuronie acid 0.002% + serum 1:70 | 104 | 2 
III | (a) Galacturonic acid, 0.008% | 295 | 
(b) Serum diluted 1:28 56 
| (a) + (c) Galacturonic acid + serum | 222 | & 





* The absorption of serum proteins is mainly due to their reaction with H,S0, 
before carbazole is added. 


eliminate SH compounds from any solution in which hexuronic acids are to 
be detected or determined by the carbazole reaction. 
DISCUSSION 

The main advantages of the carbazole reaction seem to be its specificity and 
simplicity. While the naphthoresorcinol test must be regarded as a group 
reaction for hydroxycarbonyl acids in general, the carbazole reaction is 
negative even with a compound so closely related to glucuronic acid as 2 
ketogluconic acid. It is true that hexoses in sufficiently high concentra- 
tions give a similar color with carbazole, but at these concentrations hexoses 


react with concentrated H.SO, alone to yield a red-brown color of much 
higher intensity than that developed after addition of carbazole. This 
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colored product from sugars when diluted with water behaves differently 
from the product derived from uronic acid. These differences in behavior 
between hexuronic acids on the one hand and hexoses and pentoses on the 
other afford some indication as to the nature of the carbazole reaction. The 
hexuronic acids yield furfural and CO, when heated with strong acids. 
However, the carbazole reaction, as described in the present paper, cannot 
be due to formation of furfural because pentoses react very differently. 
We must, therefore, assume that the intermediary product which is formed 
by the H,SO, from hexuronic acids, and combines with carbazole, still con- 
tains the carbonyl carbon atom. This would fully explain the high speci- 
feity of the reaction. 

The greater simplicity and specificity of the carbazole reaction compared 
with similar reactions and the lesser degree of interference from other tissue 
constituents encourage its application to quantitative determinations of 
hexuronic acids, in free or conjugated form, in animal tissues and body 
fuids. Orienting experiments in this direction showed that the carbazole 
reaction is proportional to the concentration in the range of 0.004 to 0.012 
preent. Correction for the slight deviation below this range can be made 
with the aid of a calibration curve. Hexuronic acids added to human and 
rat urine diluted 25-fold, and to metaphosphoric acid filtrates of human 
blood, were completely recovered in determinations by the carbazole reac- 
tion. The influence of glutathione in blood can be eliminated by making 
the blood filtrate alkaline with solid Na,CO; and keeping it for 30 minutes 
at room temperature. Cysteine requires for elimination the addition of 
0.1 per cent sodium bromoacetate (which does not interfere with the car- 
bazole reaction) to the alkaline solution. The absorption due to the car- 
bazole reaction of true sugars can be easily deducted when the nature of the 
sugar and its approximate concentration are known. Because of the con- 
siderable range of the variations in the color equivalent of sugars from one 
determination to the other, mentioned above, it is imperative to run a sugar 
standard with every determination of hexuronic acids in body fluids and 


_ tissue extracts. 


Even more promising appears the application of the carbazole reaction 
to the determination of uronic acids in polysaccharides. This involves 
difficulties from different sources. Impurities like proteins, sugars, and 
amino sugars interfere more or less with all procedures so far described. 
Reliable determinations in pure preparations have been secured only with 
micromethods based on the procedure of Lefévre and Tollens (12). This 
method is not suitable for serial determinations of a few micrograms of 
material. The carbazole reaction, it must be noted, cannot be used for 
accurate determinations of absolute values for hexuronic acids in polysac- 
tharides, because its intensity with some polysaccharides is a little lower, 
and with others a little higher, than that corresponding to the true content 
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of uronic acid. But it is obvious that the reaction may be helpful as a guid. 
in the isolation of these compounds and for comparative studies on the eon. 
tent of polyuronides in tissues. It is shown above that when the concentr. 
tion of serum proteins is no more than 0.02 per cent their effect on the ear. 
bazole reaction of hexuronic acids is negligible. As the reaction is still very 
pronounced at a concentration of 0.001 per cent of glucuronic acid (or 
polyuronides in equivalent amounts), it should be possible to determine 
fairly accurately uronic acids or polyuronides in preparations of mucopro- 
teins or fluids of biological origin containing 20 times as much protein as 
uronic acid. Even when the excess of proteins in such material is greater, 
it should be possible to estimate the content of uronic acids, though legs 
accurately, by determining the depression factor according to the procedure 
described above. If, however, the material contains besides uronic acids 
large excess of proteins and true sugar (as polysaccharide), the situation 
becomes more complicated ; this requires further study. 


SUMMARY 


A new, specific color reaction for hexuronic acids with carbazole and 
sulfuric acid is described. 

2. The reaction is positive with a solution of glucuronic acid containing 
5 y per ce. 

3. Conjugated acid and polyuronides give the reaction and its intensity 
corresponds approximately to their content in hexuronic acid. 

4. Heparin produces a reaction about 60 per cent stronger than an equiv- 
alent amount of glucuronic acid. 

5. Ascorbic, hydroxypyruvic, mucic, and 2-ketohexonic acids do not 
react with the reagent, while true sugars give reactions very different from 
that of hexuronie acids. 

6. The use of the reaction for detection and microdetermination of hexu- 
ronic acids in tissues and body fluids is discussed. 
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EFFECT OF pH UPON PROTEOLYsIS BY PAPAIN* 


By SAM R. HOOVER anp ELSIE L. C. KOKES 
(From the Eastern Regional Research Laboratory,+ Philadelphia) 


(Received for publication, May 24, 1946) 


The existence of pH optima for proteolysis was early established, pri- 
marily through measurements of the initial rate of reaction as a function of 
pH. When synthetic substrates for proteolytic enzymes were discovered, 
it was found that the rate of digestion depended upon the amino acids of 
the peptide and their arrangement in the chain. We have investigated the 
effect of pH upon the hydrolysis of peptide bonds of different specific rates 
of digestion in an endeavor to find out whether a differential effect of pH 
upon the extent of enzymic hydrolysis of proteins could be demonstrated. 

The evidence available in the literature was indirect, but was consistent 
with such a pH effect. The optimum pH for the initial digestion of different 
proteins by papain varies, being about 5 for the digestion of gelatin and 7 
for casein (1) and egg albumin (2). Lineweaver and Schwimmer (1) found 
asimilar pH-activity function for the action of both erystalline and com- 
mercial papain on casein. The initial rate of digestion at pH 5 and 9 was 
about 60 per cent of that at pH 6.5 to 7.0. This was true both when the 
casein was in suspension in the isoelectric region and when it was held in 
solution by urea. Bergmann and coworkers used pH 5 throughout in their 
study of the digestion of synthetic substrates by papain. Rocha e Silva 
and Andrade (3) obtained evidence of two pH optima, about 5 and 7, for the 
action of papain upon benzoylargininamide. Pepsin digests synthetic 
substrates less rapidly at its normal pH optimum of about 2 than at pH 4.2 
(4,5). The latter pH was used successfully by Pope for the purification of 
diphtheria antitoxin by pepsin (6). 

We have investigated the effect of pH upon the course of proteolysis by 
papain, using two substrate systems: (a) the synthetic substrates of Berg- 
mann and coworkers, in which a first order reaction can be demonstrated 
and (b) casein. The rate and extent of proteolysis of casein at pH 7, 5, and 
2.5 were determined. An optimum pH of about 5 for the “peptidase” 
action of papain was demonstrated in both systems. The extent of hy- 
drolysis of casein is far greater at pH 5 than at the optimum for initial 
hydrolysis, about pH 7. 


* Presented before the Division of Biological Chemistry at the 109th meeting of 
the American Chemical Society at Atlantic City, April 8-12, 1946. 

t One of the laboratories of the Bureau of Agricultural and Industrial Chemistry, 
Agricultural Research Administration, United States Department of Agriculture. 
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EXPERIMENTAL 


Enzyme—Commercial papain was purified by precipitation with 70 per 
cent methanol essentially according to Irving, Fruton, and Bergmann (7), 
The final precipitate was dried by sublimation of the water. After it was 
equilibrated with the moisture of the laboratory atmosphere, it contained 
12.81 per cent N (Kjeldahl), 10.72 per cent protein N (Kjeldahl, ty. 
chloroacetic acid precipitation), and had about the same activity as the 
product obtained by the above workers. 

Synthetic Substrate—Hippurylamide (8), benzoyl-/(+ )-argininamide (9), 
and N-carbobenzoxy-l-(+)-isoglutamine (10) were synthesized. In each 
case the melting point and nitrogen content (Kjeldahl) checked with the 
value in the reference. 

Proteolysis of Synthetic Substrates—The methods of Bergmann and ¢o- 
workers were followed throughout. Hydrolysis was measured by the 
Grassmann-Heyde titration (11). The digestion of these synthetic sub- 
strates by cysteine-papain is a first order reaction, and the specific rate of 
digestion is expressed (12) by Cyubstrate = i; per mg. of enzyme N. The 
air-dry enzyme was weighed directly and enzyme nitrogen calculated on the 
basis of the protein N content determined. Substrate-buffer mixture, 0.2 
M citrate final concentration, was adjusted to the correct pH with 1 x HC] 
or NaOH and made to volume. Relatively high enzyme concentrations, 
0.2 to 0.3 mg. of protein N per ml., were employed in order to obtain ade- 
quate rates of digestion at the extremes of the pH range. All digestions 
were made at 40°. 

Casein Substrate—Commercial casein, 14.1 per cent N, air-dry, 15.3 per 
cent N on a moisture-free basis, was dissolved in citric acid or NaOH to the 
desired pH and made up to a 3 per cent solution, based on the air-dry 
weight, with buffer. The buffer concentration tabulated is the molarity of 
the final solution: pH 2.5, 0.2 m (citric acid-citrate) (This was the max- 
mum buffer concentration obtainable. The buffer capacity was not 
sufficient to prevent entirely a drift of pH, about 0.2 unit in 24 hours and 
0.3 in 96 hours.); pH 5.0, 0.3 m (citric acid-NaOH) (suspension of finely 
ground casein); pH 7.0, 0.075 m (Na,HPO,-KH.PO,); pH 9.5, 0.1 ™ 
(NasCO 3-NasB,O;-10H,O); pH 10.5, 0.1 m (NasCO 3-Na2B,O;-10H,0). 

Proteolysis of Casein—The enzyme was activated for 1 hour at pH 7 with 
an equal weight of cysteine. An E:S (enzyme to substrate) ratio of 1:30, 
calculated on the protein N basis, was used in the experiments presented 
here. Digestion was carried out at 40° under toluene. Proteolysis was 
measured by the Van Slyke nitrous acid method (5 minute reaction time) 
and the formol titration. Results by the two methods agreed well, except 
in the later stages of the digestion, in which the values by formol titration 
ran ahead of those by the Van Slyke method, presumably owing to the re 
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lease of proline. The data plotted were obtained by the Van Slyke method. 
The release of free amino acids was followed by the ninhydrin method of 
Van Slyke, Dillon, MacFadyen, and Hamilton (13). 





Yt . he US he Se i. eee 





8 “ceic 
Cua 

\ 

? 














OT ted =~ = 


4.6 8 





60 


120 40 r 


3 
Cousstrate (K./MG. ENZYME N) X /2 
@ 
3 


60 20 














Fic. 1. Effect of pH on the digestion of benzoylargininamide (BAA, O), carbo- 
benzoxy-I(+-)-isoglutamine (CBIG, @), and hippurylamide (HA, @) by papain. 


Results 


The three synthetic substrates employed were benzoylargininamide 
(BAA), carbobenzoxy-l(+)-isoglutamine (CBIG), and hippurylamide 
(HA). The first has a free basic group in the side chain, the second has an 
acid group, and the last has neither. Our enzyme preparation digested 
these at relative rates of about 20:8:1. When adjusted for the difference 
in specific activity, the three curves (Fig. 1), show that the pH function of 
the hydrolysis is quite similar for the three substrates. The optimum pH 
for the BAA is about 0.5 unit higher than those for the other two substrates. 
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HA has a slightly broader curve than the two more readily digestible sub. 
strates. The normal plot of activity versus pl is shown in the insert of 
Fig. 1 for comparison. Rocha e Silva and Andrade (3) obtained a second 
lower maximum in the curve at pH 7 for the hydrolysis of BAA and CBIG 
with papain prepared from dried latex by essentially the same procedure 
we used for purifying the commercial enzyme. They also reported evidence 
that the relative activity of two different papain preparations upon those 
two substrates was different, indicating the presence of two different pepti- 
dases. In our experiments a clearly defined pH optimum is found at pH § 
to 5.5 for hydrolysis of each of the three dissimilar peptides.' 

Preliminary experiments had indicated that the extent of hydrolysis of 
‘asein by papain was decreased by an unfavorable pH. These results were 
confirmed, but when the data were replotted to take into account the much 
slower over-all rate at an unfavorable pH, the curves obtained at pH 7 and 
2.5 were close together, indicating no change in specificity of hydrolysis, 
To obtain more satisfactory data upon this point, experiments were carried 
out at pH 7.0, 5.0, and 2.5 under conditions otherwise comparable. We 
were not able to obtain comparable data in the alkaline region, for at pH 
9.5, 10.5, and above, the enzyme was irreversibly inactivated within a few 
hours incubation at the reaction temperature of 40°. Control experiments 
at pH 2.5 and 7.0, in which the digest was adjusted to pH 5 after 100 to 150 
hours digestion, showed that the enzyme was not destroyed at these pH 
values. The controls carried the digestion substantially to the same point 
that was reached by the sample at pH 5. 

The course of the reaction at pH 2.5 was quite similar to that at pH7 
(Fig. 2). The two curves can be practically superimposed by adjusting the 
abscissa scale for the greater rate of digestion at pH 7 (5-fold). The course 
of the reaction at pH 5 is different. The initial rate of reaction is slightly 
slower than at pH 7 (as previously shown by Lineweaver and Schwimmer), 
but it does not level off until the digestion has proceeded about twice as far 
asatpH7. Proteolysis was still proceeding at a low but definite rate when 
the experiments were terminated. 

When the data of Fig. 2 were plotted, for convenience, upon a logarithmic 
time scale, a linear relationship for the extent of digestion versus log t was 
observed over the range 1 to 100 hours and beyond at pH 2.5 and 7.0. Ex- 
amination of other data, ours and in the literature, showed that the same 
plot was applicable. The data of Lineweaver and Schwimmer ((1) Fig. 
5, Curve 10) obtained at pH 7, and of Leipert and Hiifner ((14) Table I) 
at pH 5 show the same relationship. The physical significance of such a 
plot is obscure, for it obviously is not applicable as zero time is approached. 

1 Dr. Joseph 8. Fruton has observed this additional pH optimum at 7.5 with 
certain papain preparations, but not with others. (Personal communication.) 
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Evidence of a different type was also obtained in the experiments plotted 
in Fig. 2. The rate of appearance of free amino acids relative to that of 
amino nitrogen was determined. The latter data were taken from the di- 
gestion curve at the time the free amino acids were determined. Complete 
hydrolysis of casein to amino acids releases 71 per cent of the total nitrogen 
as a-amino N determinable by the Van Slyke reaction (calculated from the 
data of Chibnall (15)), and 75 per cent of the total nitrogen as measured by 
the ninhydrin reaction (13). Calculation (Table I) of the free peptide 
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Fic. 2. Release of amino nitrogen by papain digestion of casein at pH 2.5, 5.0, 
and 7.0. 





amino N (EZ) and average number of amino acids per peptide (/’)? shows 
that there is an initial rapid production of peptides, consisting, on the aver- 
age, of about 5 to 6 amino acid residues. This is followed by increasing 
production of free amino acids. The relative rate of production of amino 
acids to amino N increases as the digestion proceeds; at pH 5 amino acids 
are being released at twice the rate of production of amino N during the 

* The non-reactivity of proline N in the Van Slyke amino N determination does not 
affect this calculation very much, for in the equation F = D/E = A—C/B—C, botn 
A and B are affected. 
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latter stage of the digestion. Such a result can most readily be ascribed to 
the hydrolysis of dipeptides. The average peptide length increases slightly 
because of this removal of peptides which are shorter than the average. 
The final products correspond to the production of two free amino acids and 
one tetrapeptide for each 6 amino acid residues initially present. 

The results at pH 7 and 2.5 are strikingly similar; although the rate of 
digestion at pH 2.5 is one-fifth that at pH 7, the relative rates of production 


TaB_e I 
Production of Peptides and Free Amino Acids by Papain Digestion of Casein 
I 


3 per cent solution containing 3.01 mg. per ml. of potential amino nitrogen (A) 
and 3.19 mg. per ml. of potential free amino acid nitrogen (A’). 

















| amino | iE | Potent | ality | Seca | mee | Aas 
pH | Time released | acid N i. peptides in | amino acids split | released 
| released | | peptides | in peptides (G) = (100|(H) = (100 
(B) (C) (D)=(A—C) (E) =(B—C) (PF) = (D/E)| X B/A) X C/A’) 
hrs. | mg. per ml.| mg. per ml.| mg. per ml. | mg. per ml. | per cent | per cent 
5.0 | 0.42) 0.13 3.01 | 0.13 | 2.3 | 4.3 | 
0.75 0.38 3.01 | 0.38 7.9 | 12.6 | 
3 0.65 | 0.06 | 2.95 | 0.59 5.0 | 21.6 | 1.9 
7 0.91 0.16 2.85 | 0.75 3.8 | 30.2 5.0 
25 1.21 0.45 2.56 | 0.76 3.4 | 40.2 | 141 
72 1.39 0.66 2.35 0.73 3.2 | 46.2 | 20.7 
169 1.49 0.87 | 2.14 | 0.62 3.5 | 49.5 | 27.3 
266 1.55 0.99 | 2.02 | 0.56 3.6 | 51.5 | 31.0 
7.0 0.65 | 0.31 | 3.01 | 0.31 9.7 | 10.3 | 
| 1.03} 0.37 | 3.01 | 0.37 8.1 | 12.3 | 
3.14| 0.47 | 3.01 | 0.47 6.4 | 15.6 | 
28.5 | 0.63 | 0.10 | 2.91 0.53 5.5 | 20.9 3.1 
50 0.68 0.20 | 2.81 | 0.48 5.9 | 22.6 | 6.3 
| 182 0.78 | 0.44 | 2.57 | 0.34 | 7.6 | 25.9 | 13.8 
2.5 | 1.42] 0.21 3.01 0.21 | 143 | 7.0 | 
| 21 0.47 | 0.05 | 2.96 0.42 7.0 15.6 1.6 
48 | 0.59 | 0.15 2.86 0.44 6.5 | 19.6 | 4.7 
| 119 0.65 | 0.17 2.84 | 0.48 5.9 | 21.6 | 5.3 
| 188 5.7 


0.71 | 0.22 | 2.79 | 0.49 


23.6 | 6.9 





of amino nitrogen and amino acids are essentially the same. At pH 5 the 
concentration of peptides is higher but not enough to account for the much 
greater rate of production of amino acids on that basis alone. It is appar- 
ent that a peptidase action (as measured by increase in free amino acids and 
lower peptide length), which is quite slow at pH 7, is rapid at pH 5. These 
results are consistent with those obtained on the synthetic peptides. 

The initial stage of the digestion of casein by papain was studied in the 
following experiment. 150 gm. (air-dry) of casein were digested at pH 7 by 
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300 mg. (air-dry) of purified papain, activated by thioglycolic acid. After 
3 hours incubation at 40°, the extent of digestion was 0.95 per cent. 20 ml. 
of superoxol were added, and the solution was heated to 95° and filtered. 
The solution was cooled and adjusted to pH 4.6 with acetic acid. The pre- 
cipitated protein was filtered off, washed, and air-dried. The yield was 
126.5 gm., or 83 per cent on a moisture-free basis. 

The precipitated protein was examined electrophoretically by R. C. 
Warner of this Laboratory, who found (pH 7.8, veronal buffer) that the 
boundary of 8-casein, which constitutes 20 per cent of casein (16), was es- 
gntially absent. A diffuse boundary with a mobility of 5.5 cm. volt see. 
was present, apparently replacing the normal a-casein peak, mobility of 6.3 
em. volt-' sec.—'. Electrophoretic examination of a control sample treated 
dmilarly, except for the omission of the enzyme, showed the normal a- and 
seasein pattern. Thus digestion of about 1 per cent of the peptide bonds 
present had eliminated the §-casein fraction from the acid-precipitable 
protein and made the remaining portion definitely less homogeneous. The 
cose correlation between the loss of acid-precipitable protein (17 per cent) 
and the amount of 8-casein initially present (20 per cent) is consistent with 
the electrophoretic pattern. 


DISCUSSION 


The results cited are, so far as we are aware, the first demonstration that 
the optimum pH for the initial rate of enzymic digestion of a protein is not 
that for its complete digestion. It is probable that other proteins which 
have an optimum for initial digestion of about pH 7 will be digested more 
completely at pH 5. In fact, Willstiatter, Grassmann, and Ambros (17) 
found an optimum pH of about 5 for the digestion of egg albumin peptone 
by papain, and Calvery (18) obtained hydrolysis of two-thirds of the pep- 
tide bonds of egg albumin by papain at pH 5. Analogously, pepsin might 
be expected to digest proteins further at about pH 4, the optimum for its 
action on peptides, than at pH 2, at which the initial rate of digestion of 
proteins is highest. 

Lineweaver and Schwimmer (1) obtained about 25 per cent hydrolysis of 
casein by papain at pH 7. They note that Leipert and Hiifner (14) reported 
release of 47 per cent of the total nitrogen of casein by papain at pH 5, and 
call attention to the possibility that the difference between the two results 
may be due to the different pH employed. It is not clear whether Leipert 
and Hafner subtracted the e-amino nitrogen initially present in calculating 
their results; if they did not, their results are in fair agreement with ours at 
thesame pH. It should be noted that hydrolysis was still proceeding at the 
termination of our experiments. Calvery (18) found it necessary to use 
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rather high £:S ratios and long reaction periods to obtain definite end-points 
for proteolysis. 

Winnick (19) digested casein with several enzymes and partly charge. 
terized the split-products. Papain was used at pH 7.5, and the results 
when recalculated to our method of expressing the data, are in close agree. 
ment with ours. Usingan E:S ratio of 1:200, he obtained hydrolysis of 197 
per cent of the peptide bonds and release of 1.7 per cent of the free amino 
acids in 36 hours at 40°. His experiments were concluded at this point, 
when the production of free amino acids was just becoming appreciable. 

The data of Table I show that the rate of digestion of various peptide 
bonds in casein is differentially affected by a change in pH. The possibility 
of producing large peptide fragments by such a mechanism does not appear 
promising, for even at pH 2.5 the digestion proceeds rapidly to the level of 
hexapeptides. This is a number average, and there probably are higher 
peptides present, but if the splitting is at all symmetrical, the amount of 
large polypeptides must be rather small. 

Winnick and Greenberg (20) have recently proposed that proteinases be 
described as ‘‘acido-,” ‘“‘baso-,”’ or “neuteroproteinases,”’ depending upon 
the optimum pH for their activity. Our results indicate that papain would 
fall into different classifications in this system, according to the extent of 
digestion at which the measurements were made. It is also doubtful 
whether there are sufficient data upon other proteinases for such a scheme 
to be established upon a sound basis. 


The synthesis of the synthetic substrates by Lieutenant (j.g.) David G. 
Doherty, U.S. N. R., and his cooperation in the initiation of this work are 
gratefully acknowledged. 


SUMMARY 


1. At pH 5 papain rapidly hydrolyzes approximately 50 per cent of the 
peptide bonds of casein, releasing 30 per cent of the amino acids as free 
amino acids. Under comparable conditions at pH 7 only 25 per cent of the 
peptide bonds are split, although the latter pH is the optimum for the initial 
rate of digestion. 

2. The digestion is characterized by a rapid production of peptides, 
averaging 4 to 6 units, followed by the release of amino acids without 
much change in the average length of the peptides present. 

3. The course of the hydrolysis at pH 7 is similar to that at pH 2.5, as 
judged by the relative rates of production of amino nitrogen and free amino 
acids, although the rate of reaction at pH 7 is 5 times that at pH 2.5. 

4. The effect of pH upon hydrolysis by papain of benzoylargininamide, 
carbobenzoxy-l-isoglutamine, and hippurylamide, which are digested at 
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Jative rates of 20:8:1, was measured. ‘The three curves are similar when 


adjusted for the difference in specific rates of digestion; the optimum pH for 


benzoylargininamide is approximately 5.5 and for the other two, 5.0. The 
optimum pH for the action of papain upon synthetic peptides is thus com- 
parable to that for its action upon casein split-products. 


5. Hydrolysis of about 1 per cent of the peptide bonds of casein by papain 


eliminated the 8-casein fraction from the digestion products precipitable at 
pH 4.7, but the a-casein fraction appeared to be less homogeneous and of 


altered mobility. 
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THE EFFECT OF TETRATHIONATE IN VIVO AND IN VITRO 
ON THE ACTIVITY OF SUCCINOXIDASE 
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Maryland) 
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It has recently been observed that the intravenous administration of 
minimal lethal doses of tetrathionate to dogs and rabbits rapidly causes 
a specific degenerative lesion in the pfoximal tubule of the kidney (1). 
Irreversible alterations of renal function resulting from this action of 
tetrathionate occur so promptly that complete anuria ensues within 30 
to 60 minutes after the injection of moderate doses. In addition to the 
nephrotoxic action it has been observed that tetrathionate is rapidly 
reduced to thiosulfate in vivo (1). 

Since it was found that tetrathionate readily oxidizes sulfhydryl groups 
both in vitro and in vivo and is thereby reduced to thiosulfate, it was sug- 
gested that the reduction of the agent in vivo results largely from inter- 
action with —SH compounds. Other nephrotoxic agents such as certain 
of the heavy metals are also reactive with —SH and are believed to exert 
specific toxic action on the proximal tubule by the inactivation of enzy- 
matic systems dependent on the presence of —SH. Therefore, it was 
reasonable to infer that the nephrotoxic action of tetrathionate is causally 
related to its reactivity with —SH and presumably also to its metabolic 
reduction to thiosulfate. 

In order to gain further evidence for the proposed mechanism of action 
of tetrathionate on the renal tubule, the present work is concerned with 
the effect of tetrathionate on succinoxidase, which is typical of enzymatic 
systems susceptible to inhibition by SH-reactive agents (2-4). For this 
purpose the in vitro effect of tetrathionate on pigeon breast succinoxidase 
and both succinic dehydrogenase and cytochrome oxidase in homogenates 
of rabbit kidney cortex and liver was studied. The results of the in 
vitro studies were correlated with the changes noted in the activity of 
enzymes of the succinoxidase complex in kidney cortex following the 
intravenous administration of a fatal nephrotoxic dose of tetrathionate. 

* First Lieutenant, Sanitary Corps, Army of the United States. Present address, 
Sloan-Kettering Institute for Cancer Research, Memorial Hospital, New York. 

t Major, Sanitary Corps, Army of the United States. Present address, Depart- 


ment of Pharmacology, College of Physicians and Surgeons, Columbia University, 
New York. 
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Procedure 


The preparation of succinoxidase from pigeon breast muscle was similar 
to that recommended by Cohen (5). The muscle pulp, which had beep 
washed three times by suspension in 10 volumes of ice-cold distilled water, 
was triturated into 5 volumes of 0.1 mM phosphate buffer, pH 7.4, by means 
of a glass mortar and pestle. Enzyme activity was measured in Warburg 
manometers at 38° with vessels containing 0.6 ml. of muscle suspension, 
0.2 ml. of 0.55 M sodium succinate, pH 7.4, and various dilutions of Na,S,0,-- 
2H,0 (1) in 0.1 mM phosphate buffer. The vessel contents were brought 
to a final volume of 2.2 ml. with buffer. When the effect of tetrathionate 
on succinoxidase activity was determined in the absence of succinate, 
the enzyme and tetrathionate were allowed to react in the vessels for 10 
minutes at room temperature and 10 minutes at 38° during equilibration 
of the manometers. Succinate was then tipped into the main well of 
the vessel from the side sac. Conversely the effect of tetrathionate on 
the enzyme in the presence of succinate was determined by adding the 
desired concentration of tetrathionate from the side sac to the enzyme 
and succinate in the main well after a preliminary period of measurement 
of succinoxidase activity. 

The comparative sensitivity of cytochrome oxidase and succinic dehy- 
drogenase to inactivation in vitro by tetrathionate was studied in homo- 
genates of rabbit kidney cortex and liver. The preparation of the homo- 
genates and the measurement of enzyme activity were similar to those 
recently described by Schneider and Potter (6). By preliminary trial 
the optimal concentrations of cytochrome c necessary for maximal activity 
of both enzymes were found to be 1 X 107 m for succinic dehydrogenase 
and 1 X 10~* m for cytochrome oxidase.! When the effect of tetrathionate 
on enzyme activity was to be studied, various dilutions of the ion were 
included in the reaction mixtures, which were initially maintained free of 
substrate. After incubation at room temperature for 10 minutes and 
at 38° for 10 minutes, substrates were tipped into the reaction mixtures 
from the side sacs. 

In order to determine the sensitivity of the succinoxidase system of 
rabbit kidney cortex in vivo the activity of succinic dehydrogenase and 
cytochrome oxidase was assayed in this tissue by the homogenate technique 
before and after the intravenous administration of tetrathionate. For 
this purpose one kidney, serving as a control, was removed surgically 
from an animal which had been anesthetized with 40 mg. per kilo of sodium 
pentobarbital. Immediately after the unilateral nephrectomy the animal 


1 The authors are grateful to Dr. Karl H. Beyer and Sharp and Dohme, Inc., for 
the generous provision of the cytochrome c used in the present work. 
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received 100 mg. per kilo of NaS,Og-2H,O intravenously, a dose which 
had previously been shown to be an LDjoo, causing fatal uremia in all 
rabbits (1). After an interval of 30 or 60 minutes the experimental kidney 
was removed. Immediately after the extirpation of each kidney a sample 
of cortex was homogenized and enzyme activity assayed by the procedure 
mentioned above (6). 

The dihydrate of sodium tetrathionate employed in the above techniques 
was of high purity and of known composition. Methods of preparation 
and analysis have been previously described (1). 
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Fic. 1. Inhibition of activity of pigeon breast succinoxidase by tetrathionate. 
Tetrathionate is tipped into enzyme-succinate at the point indicated by the arrow. 
Concentration of tetrathionate after tipping, Curve A none, Curve B 10~ m, Curve C 
i? wu, Curve D 10°? . 











Inactivation of Succinoxidase by Tetrathionate in Vitro 


The experiments presented in Fig. 1 and Table I demonstrate the 
sensitivity of various preparations of succinoxidase to inactivation by 
tetrathionate. Inactivation of the oxidase appears to be effected by 
specific inhibition of its succinic dehydrogenase component. This is 
demonstrated by the failure of tetrathionate in high concentration to alter 
significantly ascorbate oxidation by the cytochrome oxidase-cytochrome 
¢system in homogenates of kidney cortex and liver. 

The results depicted in Fig. 1 and Table I also prove pigeon breast 
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succinoxidase to be more resistant to inactivation by tetrathionate jy 
the presence than in the absence of succinate. The effect of the substrate 
on the rate and possibly on the extent of the inactivation by tetrathionate 
was evident when concentrations of inhibitor between 5 X 10~ and 10*y 
were used. Adding such concentrations of tetrathionate to substrate-free 
enzyme resulted in maximal inhibition of activity during the first period 
of measurement. On the other hand, following the addition of these 
concentrations to enzyme preparations containing succinate, maximal 
inhibition was significantly delayed. Similar findings regarding the 


TABLE I 


Inhibition of Succinoxidase Activity in Vitro between 20 and 40 Minutes after Addition 
of Varying Concentrations of Tetrathionate 


— ——— _—_— i 


j l 
| | 
| 





Inhibition of enzyme activity 


— , tetrathionate. Tetrathionate added “Tetrathionate 
before succinate che 
Mw per cent per cent 
Succinoxidase (pigeon breast) 0.01 100 96 
0.005 100 
0.001 | 100, 96 69, 51 
0.0005 100, 99, 97, 92, 90 39 
0.00025 | 99, 95, 90, 85 
0.0001 96, 86, 82, 71, 61 9, ll 
0.00005 67, 66, 60 ll 
Succinic dehydrogenase (rabbit 0.001 97, 96 
kidney cortex) 0.0001 96, 91 
Succinic dehydrogenase (rabbit 0.001 100 
liver) 0.0001 79 
Cytochrome oxidase (rabbit kid- 0.01 0,0 
ney cortex) 0.001 7,14 
0.0001 0 
Cytochrome oxidase (rabbit 0.001 0 
| O 


liver) 0.0001 


protection afforded by succinate against the inactivation of succinic 
dehydrogenase by a wide variety of SH-reactive substances have been 
reported by Hopkins and coworkers (2), and more recently by Potter 
and DuBois (3). 

Hopkins and coworkers (2) have also shown that succinic dehydrogenase 
which has been inactivated by oxidized glutathione (GSSG) may be 
wholly reactivated by treatment with reduced glutathione (GSH). Re 
activation by GSH is, however, only partial after treatment of the enzyme 
with alloxan. Tetrathionate inactivation resembles that caused by alloxan, 
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since GSH and cysteine restore only a limited portion of enzyme activity. 
For example, in one experiment, in which 2.5 X 10~ m tetrathionate was 
found to inhibit the activity of pigeon breast succinoxidase by 85 per 
cent, the addition of GSH (Eastman Kodak) to final concentrations of 
15 and 3.0 X 10° resulted in reversing the inhibition during the Ist 
hour of measurement by 12 and 27 per cent respectively. The limited 
reactivation effected by GSH appeared complete within 20 minutes after 
addition of the thiol. It is important to note that the addition of similar 
quantities of GSH to the inhibitor before adding the oxidase resulted in 
complete protection of enzyme activity. 


Effect of Tetrathionate on Kidney Cortex Succinoxidase in Vivo 


In view of the sensitivity of kidney cortex succinic dehydrogenase to 
in vitro inactivation by tetrathionate it was of interest to determine whether 
the agent caused a similar inactivation in vivo. The demonstration of 
in vivo inactivation would not only support the conclusion that tetrathionate 
exerted a nephrotoxic action by inhibition of enzyme activity in the cells 
of the proximal tubule but would also indicate that inactivation of succinic 
dehydrogenase was directly associated with the toxic actions of tetra- 
thionate on the cells of the proximal tubule. 

The dose of tetrathionate chosen for intravenous injection has been 
shown previously to be nephrotoxic in all rabbits (1). The rapidity with 
which renal damage follows the administration of 100 mg. per kilo of the 
dihydrate of sodium tetrathionate may be seen in the observations de- 
scribed in Table II. Within 30 minutes after injection, marked hydration 
was noted in the cortex of the experimental kidneys. Similar changes 
did not occur following the administration of an equivalent dose of thio- 
sulfate, the reduction product of tetrathionate known to be non-toxic 
to the kidney (7). The hydration noted may in large part be attributed 
to the inspissation of urine in tubules obstructed by necrotization and 
epithelial disintegration. 

Further evidence for renal damage was obtained by analysis of the 
plasma levels of thiosulfate and tetrathionate (1, 7). As depicted in 
Table II, it is evident that in animals receiving tetrathionate the plasma 
level of thiosulfate formed from tetrathionate at the end of 60 minutes 
Was approximately similar to the total concentration of thiosulfate and 
tetrathionate present in plasma after 30 minutes. Presumably, therefore, 
the renal excretion of formed thiosulfate, which in normal animals is 
cleared at the level of glomerular filtration (7), had been largely impaired. 
Similar observations have been advanced previously as evidence for the 
rapidity with which complete anuria follows the intravenous administra- 
tion of lethal doses of tetrathionate (1). 
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In spite of the deleterious changes occurring in the kidney within 39 
to 60 minutes after the injection of tetrathionate, the resulting lesion 
does not appear to be associated with a specific inhibition of suceinie 
dehydrogenase. Rather, the observations presented in Table IIT reveal 


TaBe II 
Effect of Intravenous Tetrathionate on Water Content of Rabbit Kidney Cortex 


Ritiaaes | ee eohape ath - ‘d ¥ “ . et i] Ja sma at time wl 
a Agent administered adminis- | kidney after —— tirpation of kidney 

tered tetrathion- , —— 

ate Control ee NazS203 | NaS 

—_ min. per cent per cent 3 — 
l NaS,0,:2H:2O 100 30 22.5 16.0 23.1 11.0 
2 30 22.1 15.0 20.0 11.7 
3 30 21.5* 14.6* 22.7 13.8 
4 60 22.3 18.2 31.6 0.2 
5 63 20.5 14.9 26.4 6.6 
6 60 23.0 16.7 30.3 3.8 
7 Na.S,0;:-5H,0 162 63 21.3 22.3 21.2 0.0 
S 61 20.1 19.6 19.2 0.0 


* Dry weight of 10 per cent homogenates. 


TaBLe III 
Effect of Intravenous Tetrathionate on Succinoridase System of Rabbit Kidney Cortez 





Activity of succinix 


Ratio, dry to wet weight Activity of cytochrome 


Time of of homogenates dehydrogenase, CO: oxidase, 0g, (ascorbate) 
extirpation (succinate) * 
Rabbit No of experi- — 
mental . , ‘ ‘ 
: . . : * Experimental Experimental 
kidney Control ee ta Control __ in per cent Control | in per cent 
control control 
microliters microliters 
, Os hi Os hr. 
min per cent per cent per nal id per cent per 4 a per cent 
werght weight 
3 30 21.5 14.6 144 87 316 58 
9 60 ai. 15.8 120 107 268 94 
10 60 21.2 16.6 141 55 235 88 
ll 60 22.6 18.2 145 S89 210 113 
12 60 20.2 15.3 124 90 300 72 


that alterations in the activity of succinic dehydrogenase did not differ 
significantly from the changes noted in the activity of cytochrome oxidase. 
Since there is a marked difference in the sensitivity of the two enzymes 
in vitro, the absence of a differential degree of inactivation in vivo indicates 
that the changes noted are secondary to cellular necrosis and disintegration. 
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DISCUSSION 


Studies of the properties of known enzyme systems have revealed the 
existence of a special category of enzymes which are sensitive to inactiva- 
tion in vitro by a variety of agents known to react readily with sulfhydry] 
goups. By virtue of specific susceptibility to inhibition by SH-reactive 
chemicals it has been inferred that these enzymes are dependent for 
catalytic activity on the presence of essential —SH groups in the protein 
moieties. Among the more recent reports which may be cited in favor of 
ach a category of enzymes are those of Hellerman (8) and Barron and 
Singer (4, 9). In view of its known properties, tetrathionate may also 
be expected to inactivate in vitro many of this group of enzymes. Sup- 
porting this contention is the previously observed reactivity of tetrathionate 
with —SH compounds in vitro (10, 1) and in vivo (1). Moreover, tetra- 
thionate has been shown to react with the —SH groups of denatured egg 
albumen (11). Finally, the present results demonstrate that tetrathionate 
inhibits succinoxidase activity in vitro as the result of specific inactivation 
of succinic dehydrogenase, an enzyme known to be susceptible to the 
§H-reactive agents (2-4). 

On the basis of the above considerations it is reasonable to deduce that 
the nephrotoxic action of tetrathionate is associated with inactivation of 
specific enzymes in the kidney cortex, which are sensitive to SH-reactive 
substances. Moreover, of the compounds which inhibit —SH enzymes 
two groups are known to contain members which are nephrotoxic, the 
oxidants (tetrathionate and alloxan (12, 13)) and the metals (Hg and Cd 
(14, 15)) which readily form mercaptides of low dissociability. In view of 
these facts it is difficult to dissociate the nephrotoxic action of tetrathionate 
from its ability to react with sulfhydryl groups. 

The conclusion that the mechanism of action of tetrathionate in vivo 
is associated with the inactivation of —SH enzymes is not necessarily 
weakened by the observation that the administration of nephrotoxic doses 
failed to elicit specific changes in the succinic dehydrogenase activity of 
kidney cortex. In considering the type of action proposed to account for 
the toxicity of tetrathionate it would be impossible to predict the relative 
sensitivity of the different —SH enzymes likely to be present in kidney 
cortex. Accordingly the present results suggest that succinic dehydro- 
genase may be less sensitive to inactivation by tetrathionate than other 
—SH enzymes in kidney cortex. One or more of the latter enzymes may 
be more directly concerned with the nephrotoxic actions of tetrathionate 
than is succinic dehydrogenase. 

It is of some importance to compare the toxic actions of tetrathionate 
with those of alloxan which have recently been associated with the ability 
alloxan to oxidize sulfhydryl groups. Both —SH oxidants inhibit 
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succinic dehydrogenase, are readily antidoted by the prompt administra. 
tion of —SH compounds, and their toxic actions are manifested within g 
few minutes after intravenous injection (see the recent summaries of 
Duff (12) and Lazarow (13) for known properties of alloxan). Neverthe. 
less, the cells most susceptible to each agent are in the case of -alloxan 
the 8 cells of the pancreas, and in the case of tetrathionate the proximal 
tubular cells of the kidney. Moreover, whereas alloxan is capable of 
damaging the renal tubule in addition to its actions on pancreatic cells, 
tetrathionate has no significant effect on the pancreas, as is evidenced by 
pathological examination’ and the determination of blood sugar levels in 
dogs receiving lethal doses of the latter agent.’ 


SUMMARY 


1. Tetrathionate in low concentrations is a powerful inhibitor of sue- 
cinoxidase systems prepared from pigeon breast muscle and rabbit kidney 
and liver. Of the three enzymatic components of succinoxidase only 
succinic dehydrogenase is specifically inactivated by tetrathionate. The 
sensitivity of succinic dehydrogenase, an enzyme known to be susceptible 
to inactivation by —SH reactive substances, is evidence supporting the 
conclusion that the nephrotoxic action of tetrathionate is associated with 
the oxidation of essential —SH groups. 

2. The assay of the activity of the succinoxidase system of rabbit kidney 
cortex within 60 minutes after the intravenous administration of a nephro- 
toxic dose of tetrathionate does not reveal a specific inactivation of succinic 
dehydrogenase in vivo. The limited changes noted in the activity of 
both succinic dehydrogenase and cytochrome oxidase may be considered 
secondary to necrosis and disintegration of the proximal tubular epithelium. 

3. In view of the observations that succinic dehydrogenase of renal 
tissue is relatively resistant to inactivation by tetrathionate in vivo, it 
is suggested that the inactivation of other —SH enzymes in kidney cortex 
is more directly associated with the nephrotoxic action of the agent. 

4. The specificity of action of tetrathionate in the intact animal is 
compared with that of alloxan, which is also known to be an —SH oxidant. 
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A DIETARY FACTOR ESSENTIAL FOR GUINEA PIGS 
X. PURINE METABOLISM DURING DEFICIENCY* 
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(From the Department of Chemistry, Oregon State College, Corvallis) 


(Received for publication, September 10, 1946) 


Very few systematic studies are known in which the purine distribution 
in different animal species has been determined. Dell’Acqua (1) deter- 
mined the concentration of nucleotides, nucleosides, and free purines in 
the liver of the rabbit. Barrenscheen and Peham (2) reported their 
extensive study on the distribution of nucleotides, nucleosides, and purines 
in different organs (liver, kidney, spleen, and muscle) and in blood of 
various species (rabbit, guinea pigs, chicks, and fishes). No detailed 
investigations have been reported on the distribution of the nucleotides 
and nucleosides in animals under abnormal conditions such as vitamin 
deficiencies. 

Numerous reports, however, have appeared concerning the fate of one 
of the breakdown products of the purines, uric acid, in normal and ab- 
normal conditions in man, such as leucemia (3, 4) and pneumonia (3) 
in which an increased uric acid excretion is found. Of the abnormal 
variations in the uric acid content in human blood the most interesting 
occur in nephritis and gout. There is a marked retention of uric acid in 
nephritis, this compound being the first nitrogenous waste product to be 
retained (5). This leads to a rather even distribution of uric acid in the 
tissues (6, 7). In gout, uncomplicated by nephritis, the uric acid of the 
blood is increased (8-11). This high concentration is used for the early 
differential diagnosis of gout (12). Talbott and Coombs (13) believe that 
the increased concentration of uric acid in blood is a function of increased 
formation rather than of diminished excretion or destruction (for a more 
detailed review, see (14)). 

One of the outstanding physiological changes during a deficiency of 
the antistiffness factor (15)! is the derangement of the phosphorus metabo- 
lism (16, 17). It was found that one of the characteristic changes was a 
decrease in the easily hydrolyzable phosphorus fraction in the liver, kidney, 
and muscle. In the first two organs this was accompanied by an increase 
in the mercuric-insoluble phosphorus fraction. The easily hydrolyzable 


* With the technical assistance of E. C. Anderson. 

t Present address, Department of Zoology, Indiana University, Bloomington, 
Indiana. 

‘van Wagtendonk, W. J., and Ross, L. E., to be published. 
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phosphorus fraction represents a mixture of adenosine triphosphate (67 
per cent of the total), adenosine diphosphate (50 per cent of the total) 
(18), and, as suggested by Kalckar, possibly also other pyrophosphate 
(19). The mercuric insoluble phosphorus fraction is mainly composed 
of the stable nucleotide P. 

It was thought probable that a further breakdown of the nucleotides 
might occur in the deficient animal. It was with this idea in mind that 
the distribution of nucleotides and nucleosides in the liver, kidneys, and 
blood of normal and deficient guinea pigs was undertaken. 


EXPERIMENTAL 


A group of 120 guinea pigs was used for this investigation. The animals 
were raised on the deficient diet described by van Wagtendonk (16), 
The diet consisted of skim milk powder to which adequate amounts of 
water, minerals, and the known vitamins had been added. The control 
animals were raised on a diet consisting of rolled barley and greens. The 
average daily food intake of the deficient diet was 280 gm. The animals 
on this régime gained as regularly in weight as the animals receiving the 
control diet, the average weekly gain in weight being 20 to 30 gm. for the 
Ist year. In the later stages of the deficiency a cessation of growth and 
loss of weight occurred. The experimental animals did not show signs 
of any deficiency disease, except for a constant increase in stiffness at the 
wrist joint. 

The experimental animals were sacrificed at different intervals. Blood 
was withdrawn by cardiac puncture under nembutal anesthesia, according 
to the method recommended by Jacobson (10). The liver and kidneys were 
rapidly removed and immediately frozen in a dry ice-ether mixture. The 
tissues were weighed in the frozen state and ground in the Waring blendor 
with 10 volumes of ice-cold trichloroacetic acid (10 per cent). The method 
of Kerr (20) was used for the determination of purine nucleotides and 
nucleosides in the blood, liver, and kidneys. The nitrogen content of the 
fractions was determined with a micro-Kjeldahl method, with the diges- 
tion mixture described by Umbreit and Bond (21). The uric acid in the 
blood was determined according to Folin’s method (22), observing the 
recommendations made by Brown (23). 

The data were analyzed statistically according to the methods of Fisher 
(24). 


Results 


The distribution of the nucleotides and nucleosides in the liver, kidneys, 
and blood of normal and of deficient guinea pigs is given in Table I. The 
concentrations of these two classes of compounds decrease in the two or 
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TABLE I 
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Distribution of Nucleotides and Nucleosides in Liver, Kidneys, and Blood of Normal 
and Deficient Guinea Pigs 





70 











21 | 


31 


bl 


Deficient | 


Time on) 
diet 


16 


36 


69 








Nucleoside N 





o. of Nucleotide N 
y wt Mean + S.E., mg. per cent Mean + S.E., mg. per cent 
| mina- a ee Said. ae st 

tions Liver | mite | Blood - Liver ‘Kidney | Blood 
15 | 18.4 | 15.6| 5.1| 12.6) 4.7| 4.4 
41.0) 40.5! 40.3) 41.0) 40.8) 40.6 

10 | 19.9) | 12.1 | 

| 0.6 | +0.9 | 
15 | 14.2] 14.4] 4.0] 6.7] 4.0] 3.7 
+0.7/ 41.0 40.4) 40.4 40.2 40.3 
16 13.5; 9.3] 4.0; 53] 3.1 2.3 
+1.0' 40.8 +405 +406) 40.5 +0.1 
14 | 10.2| 10.3; 4.0] 49] 3.3 1.2 
| £0.8 | 40.9 | 40.3) 0.4 | +0.3 | 40.2 
6 | 69] 10.2; 3.2) 2.3) 20] 1.8 
| 0.6 | 0.7 | £0.3 0.3 | 0.4 | 20.1 

TABLE II 


Effect of Administration of Antistiffness Factor on Distribution of Nucleotides and 
Nucleosides in Liver, Kidneys, and Blood of Guinea Pigs on Skim Milk Diet 











Age Tim 
wks. wks. 
36 21 
21 

% | 21 
a 

51 36 





Dosage of 


factor 


= 
Y 

} 

| 


0 
0.5* 
5.0t 
10.0t 
1.0§ 


No. of 


en di st | antistiffness, determina- | 


tions 


or 


_ Ee 


Nucleotide N 
Mean + S.E., mg. per cent 


Liver | Kidney 


8.8/ 63) 4.2/ 4.9] 4.2) 3.1 
+0.9/ +0.7) +40.3/ 40.2) +0.1 | +0.2 
18.6} 8.7 4.1) 7.9] 3.8] 3.5 
+0.5 40.5) +0.1/ 40.4) +0.2)| 40.2 
18.4 12.0 5.2) 9.0 4.0} 4.0 
+0.6) 40.8 +0.2 40.1) 40.3) 40.5 
19.0 19.9 5.4 11.6 4.9| 4.7 
+0.9) 40.6) 40.1) 40.6) +0.1 | +0.4 
19.0} 14.0} 656.0] 12.1 | 4.1 | 4.2 
+£0.9 | | 1.0 | +£0.5| +1.0| 40.4 | 40.5 


Bios Liver aS Kidney ey | Bheod 


Nucleoside N 
Mean + mg. per cent 





° Administered i in daily denagne of 0.1 during. the last 5 dny 8 sel: the experiment. 
t Administered in daily dosages of 1 y during the last 5 days of the experiment. 
t Administered in daily dosages of 1 y during the last 10 days of the experiment. 
§ Administered every other day during the whole course of the experiment. 


gans and in the blood during the course of the deficiency. Our values for 
the nucleotide nitrogen and nucleoside nitrogen in the normal guinea pig 
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liver are not in accordance with those reported by Barrenscheen and Pehap 
for the same organ of these animals, but are significantly lower. The» 
was, however, the same proportion between the concentrations of the 
nucleotides and nucleosides ((nucleotides)/(nucleosides) = 1.5) in oy 
work as was found by Barrenscheen and Peham. The discrepancy might 
be explained by a difference in method. 

Administration of the antistiffness factor results in a return to normal 
values of both the nucleotides and nucleosides (Table II). There is g 
marked difference in the response to treatment between the liver, kidneys, 
and blood. The nucleotide fraction of the liver reaches the normal level, 
after the administration of 0.1 y of the antistiffness factor for 5 days, 
while only a slight, but significant rise is noticeable in the kidneys, No 


TaBLe III 


Uric Acid Content of Blood of Normal Guinea Pigs and of Guinea Pigs Deficient in 
Antistiffness Factor 


——— —— - a 








Normal Deficient 
Age eae — ea —_— 
por. Ae Mean + S.E. Time on diet poe. Mean + sx. 
wks. mg. per 100 cc. | wks. mg. per 100 c. 
15 4 5.81 + 0.07 
21 6 15 5.89 + 0.2 
30 S 4.56 + 0.09 16 16 4.30 + 0.10 
51 36 14 4.11+0.B 
70 10 5.20 + 0.16 55 6 3.66 + 0.0 
S4 69 6 4.31 + 0.6 
Average .... 5.19 4.45 


effect can be noted upon the nucleotide level in the blood with thes 
dosages. Administration of 1 and 2y of the antistiffness factor for 5 
consecutive days brings the level back to normal in the kidneys and the 
blood. 

The concentration of the nucleosides in the liver and in blood returns to 
the normal level much more slowly than the nucleotide concentration, and 
a 20 times higher dosage is required for a recovery in 5 days. Since the 
concentration of the nucleosides in the kidneys drops significantly only 
after about the 36th week of the deficiency, an effect of the antistifines 
factor upon the level of this class of compounds at the 26th week of the 
deficiency can hardly be expected. The level of both nucleotides and 
nucleosides remains constant in the liver, kidneys, and the blood when the 
factor is given during the whole course of the deficiency. 
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No significant difference could be found in the uric acid content between 
the blood of normal and that of deficient animals (Table III). 


DISCUSSION 


The decrease in concentration of the nucleotides and nucleosides in the 
iver and kidneys coincides with the decrease in the easily hydrolyzable 
hate fraction in these tissues (16). This emphasizes again that the 
antistiffness factor very probably exerts its influence upon the adenylic 
acid system, thereby affecting the whole energy metabolism of the animal. 
From the results obtained in this investigation it can be deduced that, 
once the equilibrium conditions in the adenylic acid system have been 
disturbed, further rapid enzymatic breakdown of the nucleotides takes 
place. A high inorganic phosphate concentration is found in the liver 
and kidneys, probably as a result of hydrolysis of the nucleotides into 
nucleosides and phosphoric acid. Since, however, a decrease is also 
evident in the concentration of the nucleosides in the aforementioned 
tissues, a rapid breakdown of these compounds must ensue. The break- 
down is apparently a secondary process, since the influence of the ad- 
ministration of the antistiffness factor on the concentration of the nucleo- 
sides is only noticeable in high dosages. 

Many investigations have been concerned with the question whether 
gout is accompanied by a disturbed distribution of the nucleotides and 
nucleosides in the blood. Coste et al. (25) and Weber and Schuler (26) 
were not able to find a shift in the proportion between these fractions in 
the blood of gouty patients as compared with the proportion of these 
compounds in normal persons. In the blood of animals deficient in the 
atistiffness factor, the concentration of both the nucleotides and nucleo- 
sides decreases, although the proportion of these two classes of compounds 
does not change significantly (from 1.16 in the normal animal to 1.77 in 
the 1 year-deficient animal. No significant difference was found between 
the uric acid content of the blood of normal and of deficient animals. 

Barrenscheen and Peham (2) have pointed out that tissues with a high 
metabolic rate contain more nucleotides than nucleosides. They reported 
for normal guinea pig liver a value of 1.5 for the proportion of nucleotides 
and nucleosides, which is in good agreement with our findings. During 
the deficiency, however, this proportion shifts in favor of the nucleotides 
(3.0 for the proportions of these compounds in the liver of the 1 year-de- 
ficient animal). This is probably due to a rapid breakdown of the nucleo- 
sides, A similar shift is found in the kidneys (from 3.3 in the normal ani- 
mal to 5.0 in the 1 year-deficient guinea pig). We have found previously 
that the oxygen consumption in the deficient liver is far above normal 














224 PURINE METABOLISM 


(27). Considered in this light the high nucleotide-nucleoside ratio jp 
the deficient liver is significant. 
SUMMARY 


The concentration of nucleotides and nucleosides decreases in the liver 
kidneys, and blood during the deficiency of the antistiffness factor, probably 
due to a dephosphorylation of the adenylic acid system. In the liver and 
kidneys a shift in the nucleotide-nucleoside ratio in favor of the nueleo. 
tides is apparent during the deficiency. The changes in the concentra. 
tions of the nucleotides and nucleosides are reversible. and can be pre. 
vented by the continuous administration of the antistiffness factor, 


yrateful acknowledgment is made for the support by grants from the 
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A DIETARY FACTOR ESSENTIAL FOR GUINEA PIGS 
XI. DIFFUSIBLE AND NON-DIFFUSIBLE PLASMA CALCIUM DURING THE 
DEFICIENCY OF THE ANTISTIFFNESS FACTOR* 
By WILLEM J. van WAGTENDONK?# ann ANNA MAY FREED 
(From the Department of Chemistry, Oregon State College, Corvallis) 


(Received for publication, September 16, 1946) 


Two kinds of non-diffusible calcium compounds exist in the blood, one 
pound to albumin, the other in the form of a colloidal calcium phosphate 
complex. The latter can be formed when blood is considerably augmented 
with either calcium ions or phosphate ions. According to McLean and 
Hinrichs (1), its formation follows when the product [Ca][P] becomes greater 
than 3. (The concentrations of the constituents are expressed in milli- 
moles per liter.) In the living animal this condition is reached when 
the calcium concentration is largely augmented by the injection of a 
soluble calcium salt, after administration of parathyroid extract, after an 
overdosage with irradiated ergosterol, or by highly increased inorganic 
phosphate levels (2). 

It was previously reported (3) that the concentration of calcium in the 
plasma is increased slightly by a deficiency of the antistiffness factor. At 
the same time the concentration of the inorganic phosphorus is increased 
30 that the product [Ca][P] exceeds the value of 3 soon after the animals 
receive the deficient diet. The high value is already attained a week after 
the guinea pigs are started on the deficient diet and remains high during 
the whole course of the deficiency. It was found also that the concentra- 
tion of albumin is lowered during the deficiency (4). 

Under normal conditions all of the non-diffusible calcium is bound to the 
albumin (5, 6). Owing to the lower level of the albumin fraction, it might 
be expected that the concentration of non-protein-bound calcium would 
increase. As a result of the higher concentrations of unbound calcium 
and inorganic phosphate in the blood, an increase in the non-diffusible 
calcium fraction could be expected. It was found that this was indeed 
the case. 


EXPERIMENTAL 


Guinea pigs were raised on the deficient diet described by van Wagten- 
donk (7). This diet consisted of skim milk powder and water, to which 


* Supported by grants from the Williams-Waterman Fund of the Research Cor- 
poration. 
; t Present address, Department of Zoology, Indiana University, Bloomington, 
ndiana. 
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adequate amounts of minerals and the known vitamins were added. The 
animals were bedded on autoclaved straw. The guinea pigs on the stock 
diet received rolled barley, greens, water, iodized salt, and straw ad libitum, 
No difference in growth rate was observed among the animals receiving 
the deficient diet until after a year (8). The only external sign of the 
deficiency was an increasing stiffness at the wrist joint. 

At various times the animals were sacrificed. The blood was removed 
by cardiac puncture under nembutal anesthesia and sampled in tubes 
containing heparin (2 mg. per 15 cc. of blood) to prevent clotting. After 
centrifuging for 10 minutes at 4000 r.p.M. in an angle centrifuge, the super- 
natant was used for the determination of total calcium, according to the 
method of Sobel and Sklersky (9), and for the determination of the dif. 
fusible and non-diffusible calcium, according to the ultrafiltration method 


TABLE I 
Total, Diffusible, and Non-Diffusible Calcium in Blood of Normal Guinea Pigs 


























Mean + standard error, mg. per 100 cc. 
No. of : roe x nr Bee, oh av 
Age determinations Total Ca Diffusible Ca | Non-diffusible | diffusibte Ca 
(e) (b) at) | Oy am 
| (a) 
wks. | | | 
15 5 =| 1.29 4 1.40| 7.4941.94 |) 3.80 | 664 
30 4 | 10.18 + 0.00 | 6.23 + 0.20 | 3.95 61.2 
67 3 | 9.90 + 0.09 | 4.25 + 0.27 5.65 42.9 
120 3 8.60 + 0.86 | 4.08 + 0.27 4.52 47.4 
Average.... a 54.5 


of Greenberg and Gunther (10). A battery of five ultrafiltration tubes 
was used. The calcium in the filtrate of 2 cc. of serum was determined by 


the method of Sobel and Sklersky. The data were analyzed statistically 


according to the methods of Fisher (11). 


Results 


In Table I are represented the values for the total, the diffusible, and 
non-diffusible calcium in the blood of normal guinea pigs of different age 
groups. This value coincides well with those reported by Brown and 
Camsdell (12). 

From Table II it can be seen that the level of the diffusible calcium is 
decreased and that of the non-diffusible calcium is increased by the de- 
ficiency. These values do not show much variation in the time limit of 
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the investigation, coinciding with the constant low values of the albumin 
to globulin ratio (4). 

It was found previously that there is no speedy recovery in the abnormal 
protein distribution following the administration of this factor. A similar 


TABLE II 


Total, Diffusible, and Non-Diffusible Calcium in Blood of Guinea Pigs Deficient in 
Antistiffness Factor 





























Mean + standard error, mg. per 100 cc. p 

3 er cent 
| Time on 0.5 mae Fal wars % ee state diffusible Ca 
Age | * diet = TotalCa | _Diiffusible Ca coed -emnans ® x 100 

| ) | @) (a)-() ” 

whs. wks. | 
17 4 | 9 | 10.81 + 0.33 | 3.68 + 0.25 7.13 34.1 
19 a | 12.15 + 0.95| 4.05 + 0.43 8.10 33.9 
2 12 3 10.51 + 0.29 | 3.38 + 0.27 7.14 32.1 
§2 39 Ss | 11.18 + 0.59 | 2.72 + 0.68 8.46 24.4 
73 _—ii, @ 11.13 + 0.52 | 3.234 0.04 | 7.90 | 29.0 
tae ndnsads < <jp.09 + qedees dd ae aaa eee 30.7 





TABLE III 


Effect of Administration of Antistiffness Factor on Distribution of Total, Diffusible, 
and Non-Diffusible Calcium in Blood of Guinea Pigs (89 Weeks on Deficient Diet) 





Mean + standard error, mg. per 100 cc. 




















: Per cent 
No. of | Dosage Shae B By Neo ais ile — Ca 
Gtemnteations | Total Ca Diffusible Ca | Sc oe 

(a) () (a)-(b) (a) 
=a | 

8 | 11.18 + 0.59 | 2.72 + 0.68 8.46 | 24.4 

7 0.05* | 11.438 + 0.26 | 3.52 + 0.38 7.91 31.0 

5 0.5T | 9.92 + 0.63 | 3.58 + 0.57 6.34 36.1 

5 5t (10.51 + 0.29 | 4.75 + 0.31 5.76 | 45.1 

5 | 50§ 10.21 + 0.09 | 5.62 + 0.15 4.60 | 55.0 





*0.01 y per day during the last 5 days of the experiment. 
t0.1 y per day during the last 5 days of the experiment. 
tly per day during the last 5 days of the experiment. 

§ 1 y per day during the last 50 days of the experiment. 


result was obtained with regard to the distribution of diffusible and non- 
diffusible calcium. It can be seen from Table III that the concentration 
of diffusible calcium approaches the normal level only after the antistiffness 
factor is given over a long period. 
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DISCUSSION 


Although no direct evidence is available as to the nature of the nop. 
diffusible calcium found in the deficient animal, it seems highly probabk 
that this is in the form of colloidal calcium phosphate. Since the albumin 
fraction is considerably lower in the deficient animal, a large proportion 
of the protein-bound calcium must have been liberated. This, coupled 
with the higher concentration of inorganic phosphate, will favor the forma. 
tion of a colloidal calcium phosphate complex. This complex will pr. 
cipitate in those tissues in which conditions are favorable and thus account 
for the large calcium phosphate deposits found in many tissues. 

It can be concluded from these experiments that the deposition of Cg 
phosphate in the tissues of guinea pigs deficient in the antistiffness factor 
is not a primary result of the deficiency. It is dependent on two factors, 
e.g., the concentration of inorganic phosphate in the tissues and blood and 
the concentration of albumin in the blood. Previous investigations have 


established the fact that the increased concentration of inorganic phosphate | 
is due to a direct influence of the antistiffness factor on the adenylic acid 
system (7, 8). An abnormal protein distribution is a secondary effect, | 


due to a deranged phosphorus metabolism in the liver (4). 


SUMMARY 


A higher level of non-diffusible calcium in the blood results from a de- 
ficiency of the antistiffness factor. This fraction probably represents the 
colloidal calcium phosphate complex. The concentration of the non- 
diffusible calcium remains at the same level throughout the whole course 
of the deficiency. Administration of the antistiffness factor results in a 
slow return to a normal distribution. 
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THE SYNTHESIS OF POTENTIAL ANTIMALARIALS 


DERIVATIVES OF a,y-DIHYDROXY-8,8-DIMETHYL-N-ETHYL- 
BUTYRAMIDE* 


By A. E, SENEAR,t M. M. RAPPORT,{ ano J. B. KOEPFLI 


(From the Gates and Crellin Laboratories of Chemistry,§ California Institute of 
Technology, Pasadena) 


(Received for publication, September 17, 1946) 


In 1943 it became known (1) that pantoyltaurylamide (SN 3279)! showed 
antimalarial activity when administered intravenously to chicks infected 
with Plasmodium gallinaceum. When subsequently phenyl pantothenone 
(I) (SN 12610), prepared by Woolley and Collyer (2), was tested? and shown 
to possess activity when given orally, it was decided to examine compounds 
which might be regarded as sulfur analogues of I. Accordingly l-panto- 
lactone was condensed with a series of amines to give the five derivatives of 
butyramide ITI to VI. 


P = HOCH,—C(CH,):—CHOH—CO— 
” 4 
P—NH—-CH;—CH,—Co—@ S P—NH—CH,—CH,—so—¢__ 


(1) (IV) 
P-NH—CH.—cH,s—¢  S—R P—NH—CH,—CH, -80.-€ Yk 
a) R=H (Vv) R=H 
(I) R= Cl WD R=Cl 


In the case of IV, which contains an unsymmetrical sulfoxide group, and 
hence an asymmetric sulfur atom (3), combination with the optically active 
lactone might be expected to yield_two diastereoisomers. Their separation 
was not effected; so that the material submitted for testing consisted of a 
mixture of unknown proportions. 

8-Aminoethyl pheny] sulfide hydrochloride has been described by Gabriel 


*The work described in this paper was done under a contract, recommended by 
the Committee on Medical Research, between the Office of Scientific Research and 
Development and the California Institute of Technology. 

t Present address, Department of Chemistry, University of Illinois. 

{ Present address, The Cleveland Clinic, Cleveland, Ohio. 

§ Contribution No. 1092. 

‘The Survey number, designated SN, identifies a drug in the records of the Survey 
of Antimalarial Drugs. The antimalarial activities will be tabulated in a mono- 
graph entitled “A survey of antimalarial drugs,”’ F. Y. Wiselogle, editor, in press. 

* At the suggestion of Dr. Kenneth C. Blanchard. 
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and Colman (4) who prepared it from 8-bromoethylphthalimide and sodiym 
thiophenolate. The simpler preparation described here utilizes the reaction 
of ethylenimine with thiophenol and was suggested by the preparation of 


CH;—CH, + w—< —— H,N—CH,—CH,_s—€__ 
~~ _ = 


NH 


bis-8-aminoethy! sulfide by Barnett (5). From this compound a sulfone 
was obtained by a permanganate oxidation in the manner of Schneider (6), 
and a sulfoxide by hydrogen peroxide oxidation (7). The amines required 
for the synthesis of III and VI were prepared in a similar way from p- 
chlorothiophenol. 

Several derivatives of V have recently been described by Madinaveitig 
et al. (8) with R = CH;—, CH;0—, and NH,—. Their compounds ex- 
hibited the typical bacteriostatic action of pantothenic acid analogues, but 
do not appear to have been tested as antimalarials. A description of the 
physiological activity of the compounds, II, IV, and V, described in this 
paper will appear elsewhere ;! however, it may be noted that these com- 
pounds were active against Plasmodium gallinaceum infections in chicks 
when given orally, and this activity was suppressed by the addition of pan- 
tothenic acid to the diet. 

The authors are indebted to Dr. G. R. Coatney of the National Institute 
of Health for a report to the effect that compounds III and VI have qui- 
nine equivalents of 1.0 and 0.5, respectively, when tested by oral adminis- 
tration against blood-induced infections of Plasmodium gallinaceum in 
chicks. 


EXPERIMENTAL? 


8-Aminoethyl Phenyl Sulfide Hydrochloride—To a solution of 77 gm. of 
thiophenol in 300 ml. of absolute ethanol cooled in an ice bath were added 
dropwise 30 gm. of ethylenimine (9). After standing for 10 minutes, the 
solution was acidified by passing in anhydrous hydrogen chloride, causing 
the product to crystallize out in white prisms, which melted to a glass at 
109-116° and finally liquefied at 162-163° as described by Gabriel and 
Colman (4). The yield was 103.7 gm. (78 per cent). 

(+)-a, y-Dihydroxy-B , B-dimethyl-N -(2-(phenylmercapto)-ethyl)-butyramide 
(II), (SN 18592)'"—30 gm. of 8-aminoethyl phenyl sulfide hydroehlo- 
ride dissolved in 100 ml. of methanol were mixed with 1 equivalent of 
sodium methoxide in methanol, and the precipitated sodium chloride was 


3 All melting points described in this paper are corrected for exposed stem. The 
microanalyses were carried out by Dr. Gertrude Oppenheimer and Mr. G. A. Swine- 
hart of this Institute. 
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removed by filtration. The solvent was removed in vacuo, the residual oil 
redissolved in ether and refiltered, and, after removal of the ether, the free 
base was distilled in vacuo, giving 17.1 gm. (71 per cent) of a colorless dis- 
tillate, b.p. 90-95°, 0.2 mm. 

To this free base were added 16.0 gm. of l-pantolactone (Merck), and the 
mixture was kept at 105° for 5 hours. The melt was dissolved in 100 ml. of 
benzene and the solution extracted with 24 ml. portions of 1 per cent hy- 
drochloric acid. The benzene solution was dried over sodium sulfate, and 
the solvent removed in vacuo. To eliminate the solvent completely the 
residual oil was dried at 100° and 0.05 mm. for 2 hours. The product was 
7.8 gm. (88 per cent) of a light green, viscous oil, slightly soluble in iso- 
propyl ether and easily soluble in methanol and ethanol. [a]? = +43.1° 
(0.752 gm. in 25 ml. of methanol solution). 


CyH20;NS. Calculated. C 59.31, H 7.47, N 4.93 
Found. ** 58.64, “© 7.47, ** 4.80 


6-Aminoethyl Phenyl Sulfone Hydrochloride—The oxidation of 47.5 gm. of 
s-aminoethyl pheny! sulfide hydrochloride was carried out by the directions 
of Schneider (6) for such reactions, except that 1 equivalent of permanga- 
nate gave a better yield and a purer product than the smaller quantity he 
reommends. There were obtained 31.8 gm. (70 per cent) of colorless 
needles, whose melting point of 152.5-153° agreed with that given by 
Gabriel and Colman (4). 

(+)-a,y-Dihydroxy-8 ,8-dimethyl-N-(2-(phenylsulfonyl)-ethyl)-butyramide 
(V), (SN 18594)—The free base was prepared from 19.5 gm. of £- 
aminoethyl phenyl! sulfone hydrochloride, in the manner described for the 
preparation of II. It was not distilled (in a preliminary experiment the 
free base was distilled; it boiled at 149-152°, 0.1 mm.) but heated directly 
with 15.0 gm. of l-pantolactone for 5 hours at 110°. On cooling, the melt 
was dissolved in 60 ml. of absolute ethanol and isopropyl] ether was added to 
incipient crystallization. The crystals which formed were recrystallized 
by extraction with isopropyl ether in a Soxhlet apparatus, to give 18.5 gm. 
(67 per cent) of white plates, m.p. 105.5-106.5°. +[a]?” = +39.6° (0.827 
gm. in 25 ml. of methanol solution). 


CywHnOsNS. Calculated. C 53.30, H 6.71, N 4.44 
Found. ** 53.63, “* 6.85, “* 4.38 


8-Aminoethyl Phenyl Sulfoxide Hydrochloride—To a solution of 34 gm. of 
B-aminoethyl phenyl] sulfide hydrochloride dissolved in 90 ml. of water 
there were added 22.5 ml. of 30 per cent hydrogen peroxide. The solution 
Was warmed on a steam bath for 44 hours, the water was evaporated off, 
and the residual oil was erystallized from 100 ml. of ethanol, giving 26.8 
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gm. (73 per cent) of white prisms, m.p. 156-158". An analytical sample 
after several crystallizations from ethanol melted at 158.5—159.5°. 


C3H,,ONS-HCl. Calculated. C 46.70, H 5.88, N 6.81 
Found. ** 46.82, ** 5.99, ** 6.84 


(+)-a, y-Dihydroxy-8 ,8-dimethyl-N-(2-(phenylsulfinyl)-cthyl)-butyramide 
(IV), (SN 18593)—The free base from 8-aminoethyl phenyl! sulfoxide hy- 
drochloride decomposed on distillation, giving a solid, b.p. 155-160°, 0.15 to 
0.25 mm., m.p. 59-60°, apparently formed from 2 molecules of the base by 
the elimination of 2 molecules of ammonia and | of water. 


Cy6H,,OS.. Calculated. C 67.10, H 4.93, N 22.39 
Found. “< 66.54, ‘* 4.89, ‘‘ 22.09 


Because of this the free base, prepared from 26 gm. of 8-aminoethy] 
pheny! sulfoxide hydrochloride, was condensed directly with 30.0 gm. of l- 
pantolactone by heating at 100—105° for 18 hours. ‘The melt was dissolved 
in 200 ml. of water and the solution adjusted to pH 2 with hydrochlorie 
acid. After treatment with norit, the solution was placed in an apparatus 
for continuous extraction and extracted with ethyl ether. At 14 hour in- 
tervals the extraction was interrupted, and the ether extract was examined 
polarimetrically. The first three extracts were strongly levorotatory and 
consisted mainly of /-pantolactone. In the seventh extract the specific 
rotation had risen to +14.5°, and it was assumed that the aqueous solution 
was practically free of unchanged lactone. The solution was then further 
extracted for 24 hours. This gave 19.3 gm. (51 per cent) of a pale yellow, 
viscous oil. [a]*® = +41.5° (0.539 gm. in 25 ml. of methanol solution). 


Cy,H.O.NS. Caleulated. C 56.16, H 7.01, N 4.68 
Found. 7 a bitde ae 

To check the structure a sample of the product was hydrolyzed, by re- 
fluxing with dilute hydrochloric acid, to give /-pantolactone and 8-amino- 
ethy! pheny! sulfoxide hydrochloride. 

p-Chlorothiophenol—p-Chlorobenzenesulfonyl chloride (10) was reduced 
under the conditions employed by Adamsand Marvel (11) for the preparation 
of thiophenol. It was necessary to filter off the intermediate zinc salt of p- 
chlorobenzenesulfinie acid and resuspend it in a fresh acid solution, as its 
great insolubility in the presence of excess zine ion prevents its further 
reduction. 

To 72 gm. of p-chlorobenzenesulfony! chloride suspended in 720 gm. of 
ice and 130 ml. of concentrated sulfurie acid were added 120 gm. of zine 
dust during a half hour period. After stirring for 2 hours at 0°, the solution 
was refluxed. The crystalline precipitate was filtered off, resuspended in 
720 ml. of water and 130 ml. of concentrated sulfuric acid at the boiling 
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int, and treated with 120 gm. of zine dust in small portions. The p- 
chlorothiophenol was steam-distilled from the reaction mixture, giving 34.6 
gm. (70 per cent) of product melting at 51-53.5°. 

p-Aminoethyl p-Chlorophenyl Sulfide Hydrochloride—To 34.7 gm. of p- 
chlorothiophenol in 300 ml. of absolute ethanol at room temperature were 
added dropwise with cooling 11.2 gm. of ethylenimine. After 10 minutes 
the solution was made acid with concentrated hydrochloric acid. The 
amine hydrochloride crystallized in thick white plates, weight 26.5 gm. 
(49 per cent). From the mother liquors an additional 19.3 gm. (36 per 
cent) were recovered. The melting behavior resembled that of the un- 
chlorinated analogue; the solid became a gel at 147—152° and finally melted 
at 231-233°. 

CsH;oNSCI-HCl. Calculated. C 42.85, H 4.95, N 6.25 
Found. ** 43.08, “© 5.17, ** 6.20 

(+)-a, y-Dihydroxy-B ,B-dimethyl-N -(2-(p-chlorophenylmercapto)-cthyl)-bu- 
tyramide (III), (SN 14799)—To 12.4 gm. of 8-aminoethyl p-chlorophenyl 
sulfide hydrochloride dissolved in 100 ml. of water were added 3 gm. of 
sodium hydroxide dissolved in 20 ml. of water, and the liberated oil was 
taken up in ethyl acetate. The solution was dried with sodium sulfate and 
the solvent was removed in vacuo. 10 gm. of l-pantolactone were added to 
the residue, and the mixture heated at 90° for 4 hours. 

The resulting oil was dissolved in benzene, and the solution was extracted 
successively with dilute sodium hydroxide, dilute hydrochloric acid, and 
water. Removal of the benzene in vacuo left 13.0 gm. (74 per cent) of a 
viscous yellow oil, which was submitted for biological testing. [a]? = 
+36.8° (0.767 gm. in 25 ml. of methanol solution). 

CyH2O;NSCI. Calculated. C 52.90, H 6.35, N 4.41 
Found. “52.72, “ 6.52,“ 4.81 

A sample of the oil crystallized completely after standing for several 
weeks to give a light yellow solid, m.p. 56-58°. The amount was too small 
for analysis and determination of optical rotation. 

B-Aminoethyl p-Chlorophenyl Sulfone Hydrochloride—The oxidation of 
6-aminoethyl p-chloropheny] sulfide hydrochloride to the sulfone was car- 
ried out in the manner described for the non-chlorinated analogue. 20 gm. 
of the sulfide gave 14.9 gm. (66 per cent) of sulfone, m.p. 216-218°. An 
analytical sample after three recrystallizations from ethanol melted at 218- 
219°. 

CsH,,O.NSCI-HCl. Calculated. C 37.52, H 4.33, N 5.47 
Found. ** 37.53, ** 4.23, ** 5.72 

(+)-a, y-Dihydroxy-B ,B-dimethyl-N -(2-(p-chlorophenylsulfonyl)-ethyl)-bu- 

lyramide (VI), (SN 13595)—The free base prepared by treating an aque- 
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ous solution of 8-aminoethyl phenyl] sulfide with sodium hydroxide solutigg 
was a liquid which crystallized in the ice chest. Heating this for 5 hour 
with /-pantolactone at 100-105° gave a yellow oil, which was dissolved jp 
ethyl acetate and washed thoroughly. After removal of the solvent the 
residual material was diluted with ethanol for testing, since the pure ma- 
terial was too viscous to handle satisfactorily. [a] = +36.3° (67.7 mg, 
in 2 ml. of methanol solution). 


CyxHaOsNSCI. Calculated. C 48.06, H 5.76, N 4.00 
Found.‘ ** 48.67, “© 6.15, “ 3.89 


A sample of the oil crystallized after standing for several weeks. Upon 
recrystallization from isopropy] ether the compound formed thin, elongated, 
colorless platelets, m.p. 103-105°, but the amount did not suffice for analy. 
sis and characterization. 


SUMMARY 


1. The preparation of five new analogues of pantothenic acid, the pantoyl 
derivatives of 8-aminoethyl phenyl sulfide, 8-aminoethyl phenyl sulfone, 
8-aminoethyl phenyl] sulfoxide, 8-aminoethyl p-chloropheny! sulfide, and 
8-aminoethy] p-chloropheny! sulfone, has been described. 

2. These compounds all exhibit antimalarial activity when tested orally 
against Plasmodium gallinaceum infections in chicks. 
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‘For an undried sample; on drying to constant weight this material lost 1.2 per 
cent. 
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ANALYZER FOR ACCURATE ESTIMATION OF RESPIRATORY 
GASES IN ONE-HALF CUBIC CENTIMETER SAMPLES 


By P. F. SCHOLANDER 
(From the Edward Martin Biological Laboratory, Swarthmore College, Swarthmore) 


(Received for publication, September 18, 1946) 


The present analyzer permits the determination of carbon dioxide, oxy- 
gen, and nitrogen in 0.5 cc. or less of respiratory gases with an accuracy of 
+0.015 volume per cent. It will handle directly samples containing from 
zro to over 99 per cent absorbable gases. The analysis requires 6 to 8 
minutes. 

Principle—A gas sample is introduced into a reaction chamber connected 
toa micrometer burette and is balanced by means of an indicator drop in a 
capillary against a compensating chamber. Absorbing fluids for carbon 
dioxide and oxygen can be tilted into the reaction chamber without causing 
any change in the total liquid content of the system. During absorption 
of gas, mercury is delivered into the reaction chamber from the micrometer 
burette so as to maintain the balance of the gas against the compensating 
chamber. Volumes are read in terms of micrometer divisions. The rinsing 
fluid and absorbents are accurately adjusted to have the same vapor tension. 

Apparatus (See Fig. 1)— 

Reaction chamber unit. This part of the apparatus consists of a compen- 
sating chamber (A), a reaction chamber (B), and two side chambers (C and 
D) for storing absorbents for carbon dioxide and oxygen respectively. 

The compensating chamber or thermobarometer (A) can be closed with a 
stop-cock (S-l), the lower end of which is ground to fit into the neck of A. 
Between analyses S-l is kept in a ground glass receptacle (G@). A 1 mm. 
bore capillary with the upper end ground to a wide angled funnel intrudes 
into the bottom of the compensating chamber. The capillary is ring- 
marked in the middle. The lower end of the capillary bore is coarsely sur- 
face-ground for 2 mm. and is covered with a Clarite coating. The upper 
part of the compensating chamber is also made hydrophobic with a Clarite 
coating. The somewhat unconventional scheme of running the indicator 
drop vertically is correct as long as the weight of the drop remains constant 
during the analysis. The intruded capillary insures that no acid ean trickle 
down and add to the weight of the drop. 

The lower end of the reaction chamber unit is ground to fit the micrometer 
burette unit. The side arms C and D of the reaction chamber are furnished 
with capillaries for filling. The ends are stopped with tight fitting vee 
vaccine bottle rubber stoppers (E and F). 

235 
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Micrometer burelte unit. A micrometer burette H (Scholander (1), 

Scholander et al. (2)) is attached to a 3-way stop-cock (S-2), the upper limb W 
of which is ground to fit the lower end of the reaction chamber unit. The n 
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Fig. 1. Analyzer for accurate estimation of respiratory gases in 0.5 cc. samples. Th 
A, compensating chamber (thermobarometer); B, reaction chamber; C, side arm for sh 
carbon dioxide absorber; D, side arm for oxygen absorber; E and F, solid vaccine ; 
bottle stoppers; G, receptacle for stop-cock S-1; H, micrometer burette; } 3 leveling or 

bulb; J, handle for tilting of apparatus; A, tube for storing acid rinsing solution; L, 
pipette for rinsing acid; M, transfer pipette. The heavily drawn lower end of the De 
capillary at Bindicates where the capillary is surface-ground and coated with Clarite. 20 
wh 
side limb is connected with a mercury leveling bulb (J) through rubber or va 
plastic tubing. A 5 mm. thick round wooden dowel 10 em. long is fitted to rul 
the knurled ratchet on the handle of the micrometer by means of a 5 em. she 
length of rubber tubing. des 
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Water Bath—The reaction chamber unit is immersed in a water bath 
which can be made of a glass bottle with the bottom cut off. A 1-hole 
rubber stopper is inserted in the neck of the bottle and the upper limb of the 
micrometer burette is inserted through the hole. The rubber stopper 
should be short enough to permit rocking the apparatus by tapping the 
micrometer burette unit. The water bath rests on a ring which can be 
tilted on a friction bushing. The position of the ring is controlled by means 
of an attached handle (/). The water level reaches to the neck of A so that 
the gas in the thermobarometer is totally immersed. 

The water bath is continuously stirred by bubbling air from the bottom. 
A450 cc. centrifuge tube (K) is suspended from the edge into the water bath 
and holds the acid rinsing solution described below. A 5 ce. pipette (L) 
furnished with a rubber bulb is suspended on the outside of the water bath. 
A suction line with a 15 cm. long fine tipped capillary glass tube is used for 
sucking off waste fluids. 

It is desirable to furnish the apparatus with a device to shake or vibrate 
it during the absorption of oxygen. A small motor with a crank-shaft im- 
parts motion to the micrometer burette through a rubber band attached 
by means of a metal ring to the crank-shaft. The speed should be about 10 
pP.s. and the amplitude about 1 cm. at the crank-shaft. 

Pipette for transferring gas samples (M). A straight glass tube, 2.5 to 3 
mm. internal diameter and 30 cm. long, is drawn to a long thick walled tip 
with a uniform fine bore. The length of the tip is adjusted so as to allow a 
drop of mercury about 3 mm. long to descend slowly, about 1 em. per 
second, when the pipette is held vertically. A long comparatively wide 
bore of the tip is preferable to a short and very fine bore which is likely to 
clog. An expansion is blown near the wide end of the pipette. Its purpose 
isto allow the mercury which is pushed up the pipette during gas sampling 
to be by-passed by some of the gas without being blown out of the pipette. 
The glass tip of the pipette is fitted with a fine holed cylindrical rubber tip 
narrow enough to slip freely through the neck of the thermobarometer. 
The end of the rubber tip is conically ground so as to fit into the funnel- 
shaped end of the capillary in A. 

Syringe for transferring gas samples. When an ample supply of gas is 
available, as in check analyses of atmospheric air or analyses of the gas in a 
Douglas bag, direct transfer by means of a syringe is often convenient. A 
20 ce. Luer syringe is furnished with a 4 em. long capillary glass tubing 
which is held onto the nozzle of the syringe by means of a piece of stiff 
vacuum tubing. The tip of the capillary is drawn out and fitted with a 
rubber tip, as described for the transfer pipette. The bore of the capillary 
should be such that the plunger of the dry and perfectly clean syringe 
descends slowly when the syringe is held tip down. 
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Solutions 

Acid rinsing solution. Pour 400 cc. of distilled water from a measur; 
cylinder into a large beaker or Erlenmeyer flask; add 1 ec. of H:SO,, sp. gr. 

1.84, from a 1 ce. tuberculin syringe without a needle. Add 72 gm. of 
Na,SQ,, anhydrous, in small portions, while continuously agitating; the salt 
will then readily dissolve in a few minutes. Without agitating, it will cake 
and will not dissolve for hours. 

Add 21 ce. of glycerol from a syringe. Pour the glycerol into the syringe 
barrel with the plunger removed. Insert the plunger, expel the air, adjust 
to 21 ec., and deliver through the nozzle. 50 cc. of the above solution are 
stored in the centrifuge tube immersed in the water bath of the gas analysis 
apparatus and approximately 40 mg. of pulverized potassium dichromate 
are added to the tube. The dichromate is used both in the acid rinsing 
solution and in the CO, absorbent to destroy any trace of hydrosulfite 
which, if left, would vitiate the analysis. The glycerol brings the vapor 
tension of the acid down to that of the absorbents. 

> CO, absorber. Mix 100 cc. of water, 11 gm. of KOH, and 40 mg. of potas- 
sium dichromate in a wide mouthed vessel. Fill a 2 or 5 ce. syringe fitted 
with a short gage No. 24 needle with the solution. 

O, absorber. Solution A, mix 100 cc. of H.O and 6 gm. of KOH; store in 
a wide mouthed vessel. 

Powder A, add 20 gm. of fresh sodium hydrosulfite Na2S.O, to 0.1 gm. of 
sodium anthraquinone-§-sulfonate; mix thoroughly in a mortar; store in a 
stoppered vessel. 

Solution B, in a 5.5 ec. vial place 5 ec. of Solution A and add 0.6 gm. of 
Powder A; close with a finger immediately and dissolve anacrobically under 
a hot water faucet, cool to room temperature under a cold water faucet, and 
draw with the least possible air contact the lower three fourths of it into a5 
ce. syringe fitted with a short gage No. 24 needle. Equilibrate with nitro- 
gen at atmospheric pressure by leaving a small bubble in the syringe. 

Mercury. c.p. mercury cleaned in a nitric acid cleaner. 

Stop-cock grease. Any good inert grease will do. Nevastane, medium 
and heavy, made by the Keystone Lubricating Company, Philadelphia, is 
recommended. 

Coating solutions. Solution A, dissolve 3 gm. of powdered Clarite X in2 
ce. of toluene. Solution B, dissolve 1 gm. of powdered Clarite X in 4 ee. of 
toluene. Clarite is a thermoplastic resin commonly used in histology lab- 
oratories for mounting sections. 


Assembling Apparatus 


Coating Reaction Chamber Capillary with Clarite—Remove the old coating 
by running a few ce. of toluene down through the thermobarometer and the 
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eapillary; rinse with acetone and water, heat in the oven, and dry with 
suction. 

Draw out a fine glass capillary pipette long enough to reach the capillary 
opening through B. Fit with a short piece of rubber tubing to control 
filling and delivery by folding and squeezing. 

Charge the capillary pipette by folding the rubber tube and squeeze and 
insert the tip into Clarite Solution A. Relax the squeeze until a small 
amount of the Clarite solution is in the capillary. Release the tubing and 
withdraw the pipette. There must be no air bubbles in the capillary. 
Wipe the tip off by a rapid stroke of a piece of folded paper or gauze. 

Turn the reaction unit horizontally and insert the capillary pipette tip 
through B into the reaction chamber end of the capillary. Deposit a 1 mm. 
drop of Clarite inside the ground end of the capillary by folding the pipette 
tubing and gently squeezing. Remove the pipette. Put a finger on the 
thermobarometer opening to prevent the drop from running up the capillary 
and press gently until the Clarite drop breaks into B, leaving the ground 
surface coated. If the drop tends to re-form, suck the excess out with a 
capillary pipette attached to the suction line. Suck the toluene through the 
pipette to keep it from clogging. Allow the coating to dry for a few min- 
utes. There must be a sharp line of demarcation in the capillary where the 
coating ends. If a tongue is left it will easily trap air bubbles in the capil- 
lary. 

With a pipe cleaner dipped in Clarite Solution B swab the ground neck 
and upper half of the thermobarometer and the receptacle G. This will 
obviate wetting and frequent regreasing of the lower limb of S-1. Spilling 
of Clarite can easily be removed by swabbing with a pipe cleaner dipped in 
toluene. Leave the coatings to dry overnight at room temperature. A 
coating will last 150 to 200 analyses before it loses its strongly hydrophobic 
property. It has to be changed when there develops any lag whatever 
between the movement of the micrometer and the indicator droplet, as 
described below. 

Assembling and Setting Up Micrometer Burette Unit—Seat the rubber 
stopper firmly in the water bath bottle. With the micrometer removed 
from the glass portion of the burette, insert the upper limb of the micrometer 
burette unit through the hole in the stopper. Tie the stopper to the bottle 
neck so that dropping out will be impossible. Place the bottle in the ring, 
as shown in Fig. 1. Connect the leveling bulb to the side limb of S-2 by 
means of a rubber or flexible plastic tubing. Grease the stop-cock S-2 with 
aminimum of grease and turn to Position I. Tilt the apparatus to the left, 
at an angle of about 45°. Place a large tray under the assembly to catch 
spilled mercury and fill the leveling bulb with mercury. Turn S-2 so that 
mercury enters the glass reservoir of the micrometer unit (Position IT). 
When the reservoir is almost overflowing, turn off the tap. 
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Air bubbles adhering to the walls of the micrometer reservoir are touched 
with a fine steel wire and led out along the wall through the open side of the 
reservoir. 

Disengage the micrometer plunger completely by unscrewing. Grease 
the plunger with a small amount of medium or light grease; serew the 
plunger back in until it protrudes about 1 mm.; wipe off the grease. 

The micrometer connects with the mercury reservoir by means of two 
washers. On the left is a dome-shaped metal washer conveniently prepared 
from the head of a thumb-tack by drilling out the pin with a 35 in. drill s9 
that a hole is left centrally which serves to engage the set screw of the mi- 
crometer. The dome shape is necessary to assure that pressure is applied 
only on the circumference of the glass. The second washer is necessary to 
insure air tightness at the contact between the micrometer and the opening 
of the mercury reservoir. This washer is prepared from bond paper by 
punching a circular hole with a paper punch just large enough to receive the 
micrometer plunger. Grease the paper washer lightly on both sides, and 
place it over the protruding end of the plunger. 

‘Begin the assembly of the micrometer by sticking the dome-shaped 
washer with grease on its concave side to the closed end of the glass reser- 
voir. Slip the micrometer into the position so that the set screw engages the 
central hole of the metal washer, but is not tight, and line the micrometer so 
that the plunger is in the middle of the reservoir bore. Complete the filling 
of the micrometer reservoir with mercury from the leveling bulb J, leaving 
S-2 in Position II. This will force the trapped air out in the region of the 
paper washer. If this does not happen, loosen the set screw until the airis 
forced out. Allow some mercury to ooze out around the paper washer, 
showing that all air is expelled, and tighten the set screw. Set the appara- 
tus vertically once more. Now turn S-2 to Position I and screw the mi- 
crometer in so that the mercury fills the upper limb of the unit. Next 
connect the leveling bulb again with the micrometer reservoir (Position II), 
leaving mercury in the upper limb of the unit, and test the plunger for 
centering by screwing it to the zero mark. The plunger must not at any 
time touch the walls of the reservoir. If it does, it must be recentered by 
loosening the set screw and resetting it correctly. 

At this point there is no air in the micrometer reservoir (see ‘Checks on 
presence of trapped air”), but there are air bubbles in the stop-cock S-? 
which will be taken out subsequently. 

Setting Up Reaction Chamber Unit—Rubber stoppers E and F are moist- 
ened with water and are jammed in tightly. Very lightly grease the 
ground glass joint in a few spots along the edge at the bottom of the unit 
and seat the unit tightly by jamming it on the male half. Too much grease 
must be avoided or the unit will turn during subsequent manipulations. 
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Fill B with mercury from J by turning S-2 to Position III. To remove 
air from chamber C, fit an empty syringe with a short gage No. 24 needle, 
a drop of CO, absorbing fluid over the center of stopper /’, steady the 
tus by holding S-/, and push the needle through the alkali drop and E; 
draw out all the air in C. Steady the rubber stopper while pulling the 
needle out. Repeat this operation for chamber D through stopper /. Fill 
( half full with carbon dioxide absorbent through stopper Z from the 
syringe containing KOH. Air bubbles trapped beneath the stoppers must 
be withdrawn into the syringe. Fill D not more than half full with the 
oxygen absorbent, following the same procedure as for chamber C. If Dis 
too full, absorbing fluid may creep over into the reaction chamber and spoil 
the analysis. 

Free the stop-cock bores in S-2 from air by moving mercury through it in 
all three positions while slowly turning the stop-cock from open to closed in 
each position. Very obstinate air pockets in S-2 due to too much greasing 
can be removed by bouncing water through the stop-cock. It is desirable, 
however, to avoid any passage of liquid through S-2, as it will then keep 
tight for an almost indefinite number of analyses. In order to avoid draw- 
ing down solutions through S-2 accidentally, it is wise to restrict the down- 
ward motion of the leveling bulb by a string so that it cannot go below the 
ground joint. The ground joint is freed from air by filling B with water, 
lowering J carefully until water fills the joint, and then bouncing the mer- 
eury back and forth through the joint by sharp bounces of J until the air is 
dislodged by the mercury droplets. 

Set the apparatus with B almost full of mercury and set S-2 in Position 
I. The level of mercury in the leveling bulb when hanging on the side of 
the water bath should correspond roughly to the level of the mark on the 
capillary. This will insure that the indicator drop will not be displaced 
when the micrometer is turned from the leveling bulb to the micrometer 
reservoir during zeroing of the micrometer in the process of drawing in the 
sample. 

Fill the water bath to the level of the neck of A with air-equilibrated water 
atroom temperature. Stirring of the water bath is maintained by gentle 
bubbling of air from the bottom. 

Hang the 50 cc. centrifuge tube in the bath and fill it with the acid rinsing 
solution. This is done to insure temperature equilibrium. Dissolve in the 
acid solution about 40 mg. of powdered dichromate. 

Checks on Presence of Trapped Air—Turn the stop-cock to a closed posi- 
tion between Positions Iand II. With a very light hand screw the microm- 
eter in until resistance is felt. This should occur within 0.5 to 1 of the 
smallest divisions. Without screwing back on the micrometer, release the 
pressure by opening the stop-cock. A gross sign of too much trapped air 
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is as follows: With the mercury meniscus in the capillary below the ground 
joint, move the micrometer back and forth with short jerks; if the mercury 
bounces perceptibly in the capillary, there is too much air trapped in the 
system. 


Procedure 


Washing Out Apparatus—Fill the thermobarometer up tothe neck withthe 
acid rinsing solution from the rubber ball pipette. With S-2 in Position 
III, draw the rinsing solution down just below the side arm openings, 
Move the rinsing solution up and down past the side arm openings two to 
four times. If the solution remains yellow, rinsing is complete. If not, 
expel the used solution and repeat with a new batch. Normally one batch 
is sufficient. Now connect the micrometer with B (Position IT) and adjust 
the mercury to the top of the capillary. Leave the thermobarometer 
chamber half full of acid. The mercury level in the leveling bulb should 
approximate that of the mark on the capillary. 

Transfer of Gas Sample—Gas is contained under pressure in the usual 
sampling tubes with the capillary tap and Hg reservoir. From a syringe 
fitted with a gage No. 24 needle squirt a small drop of Hg into the bottom 
of the capillary just above the tap of fhe gas sampling tube. Holding a dry 
transfer pipette (1/) vertically, seat the tip against the flat top of the capil- 
lary. Open the tap cautiously so that the mercury drop is gently moved up 
the pipette into the bulb and allow some gas to bubble past it. When the 
pipette is withdrawn, the Hg drop starts to fall slowly down the tube. Be- 
fore it has had time to get far, seat the rubber tip through the rinsing 
solution onto the top of the capillary in the compensating chamber. There 
must be an exact line-up between the hole in the rubber tip of the pipette 
and the capillary of the apparatus and free passage through the tip of the 
transfer pipette, so that during the entire transfer the gas will be under 
pressure from the Hg droplet and will not be sucked in by the micrometer. 
Without this precaution air may be sucked into the micrometer and vitiate 
subsequent analyses. Such air can be removed only by loosening the set 
screw on the micrometer until the air and some mercury escape under the 
paper washer, whereupon the set screw is again tightened (see above). 

Screw the gas meniscus down until it bisects the mark on the capillary, 
turn the stop-cock to connect the micrometer and leveling bulb (Position 
IT), and zero micrometer by actually adjusting it 0.5 of the smallest division 
past zero (see “Precautions”). Turn the stop-cock back to connect the 
micrometer with the reaction chamber (Position I), check to see that the 

gas meniscus is at the mark, and screw the micrometer evenly and gently 
out to about 15 or 20 on the scale, or less if the sample is small. If the 
transfer is correct, the mercury drop in the pipette moves exactly corre- 
sponding to the turning of the micrometer, and only a mm. or two of liquid 





Oo! 


RESET @2cnc88 2 


Bare = 


lercury 
in the 


‘ith the 
osition 
nings, 
two to 
If not, 

batch 
adjust 
meter 
should 


ottom 
a dry 
capil- 
ed up 
nm the 


There 
pette 
f the 
inder 
eter. 
tiate 
e set 
r the 
) 
lary, 
ition 
ision 
the 
the 
ntly 
the 
rre- 
quid 





P. F. SCHOLANDER 243 


will suck down into the capillary when the pipette is removed. It is con- 
yenient to use exactly the same sized sample for all duplicate analyses; it 
helps prevent misreading of the micrometer. 

Adjust the rinsing fluid in the capillary about 2 mm. from the top and 
suck away all the rest of the rinsing fluid in the compensating chamber. 
Avoid sucking air through the thermobarometer chamber as this will cool 
it;keep the suction line pinched off except when drawing off the acid. Screw 
the acid indicator drop down until the lower meniscus of the drop coincides 
roughly with the mark on the capillary. 

With a minimum of handling, insert the stop-cock S-/ in’ the compensa- 
ting chamber and close the tap. To pick up acid adhering to the capillary 
move the indicator drop down until it touches the Clarite coating and the 
meniscus flattens. Readjust the lower meniscus of the drop accurately 
until it touches the mark at a tangent and repeat until the micrometer read- 
ingis constant. Record this reading, M;. There must be no lag whatever 
between the movement of the drop and the micrometer. If there is a lag, 
there is a surface film connection between the reaction chamber and the 
drop. This may happen if the Clarite coating has been left in acid or alkali 
overnight, and finally happens when the coating breaks down and must be 
replaced after 150 to 200 analyses. 

When an ample supply of gas is available it is often more convenient to 
use the transfer syringe. The empty syringe is attached to the gas source, 
or the tip of it is merely held in the gas stream. The syringe is washed with 
gas slowly three times and, held tip down and with the plunger slowly and 
constantly descending, it is detached from the gas source and transferred 
directly to the near-by analyzer, where the further procedure is the same as 
that described for the transfer pipette. It is essential to watch that the 
plunger is perfectly free when the gas is drawn in by means of the microm- 
eter so that no suction is being applied. 

Absorbing Carbon Dioxide and Oxygen—Tilt the apparatus cautiously 
downward on the CO:-absorbent side, admitting a small amount of the ab- 
sorbent to the reaction chamber and at the same time screwing in the 
micrometer with the wooden dowel to compensate for the downward move- 
ment of the indicator drop in the capillary occasioned by the CO, absorp- 
tion. Tap the side of the stop-cock S-2 to facilitate absorption of carbon 
dioxide. When the indicator drop is stationary, move it down to hydropho- 
bie coating and readjust the lower meniscus to the mark as described under 
“Transfer of gas sample” and record the reading M>. If large concentra- 
tions of CO, are analyzed, move the indicator drop up well above the mark 
and then admit traces of absorber in several portions, or the absorption will 
be too rapid to be followed with the micrometer and a loss of the indicator 
drop will result. 

Tilt downward on the O.-absorbent side, admitting oxygen absorbent so 
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that the mercury is covered with about 1 mm. of absorbent. Tap as ind}. 
cated in the preceding paragraph, or preferably start the automatic shaker 
If there is too little absorbent, the red color will turn to brown and finally 
yellow, owing to acid formation. Absorbent has to be added until the color 
again is red to insure accurate results. Considerable heat is evolved during 
absorption of the oxygen. It usually takes about 2 minutes for temperature 
equilibrium to be established, as indicated by a cessation of movement of 
the indicator drop. When reading is constant, move the drop down until 
it touches the coating, readjust the lower meniscus to the mark, and record 
the reading M,. 

Open the compensating chamber to air by turning the stop-cock S-/, and 
place it in the receptacle G. Screw the micrometer in, suck off the indicator 
drop, and continue until the meniscus of the absorbing solution reaches the 
mark on the capillary. This should make the micrometer reading zem 
within +0.5 of the smallest division. 

Preparing Apparatus for Next Analysis—Turn S-2 to connect the leveling 
bulb with the reaction chamber (Position IIT) and suck off absorbing solu- 
tions without allowing the solutions to spill into the compensating chamber, 
Rinse with the acid solution, as described at the beginning of the procedure. 
To recharge the side arms with respective absorbents discharge a drop of 
absorbent on top of the rubber stopper and puncture through their center, 
taking great care to draw back any gas bubbles introduced. The side arms 
should not be filled more than half full with absorbents. 


Calculations 
. are ox Mi — Me 
Carbon dioxide, cc. per 100 cc. original sample, dry, = Tage 100 
My 
' 
— M2 — M3 
Oxygen, cc. per 100 ec. original sample, dry, = —————— X 100 


M, 

a ate Ms 

Nitrogen, ec. per 100 ec. original sample, dry, = My, x 100 
My 


Satisfactory results for all concentrations may be considered as obtained 
when duplicates for carbon dioxide, oxygen, and nitrogen agree within 
0.03 per cent. 


Precautions 


Apparatus—The micrometer must be all steel, the plunger uniform from 
one end to the other as measured by another standard micrometer, the serew 
without any play, and the lap fit at the plunger bearing perfect, as deter- 
mined by visual inspection with the plunger screwed level. The glass por- 
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tion of the glass-metal junction in the micrometer burette unit has to be 
perfectly flat in order to make a mercury-tight junction. 

Transfer Pipette—The tip of this is critical and must conform to the di- 
rections given. If the tip becomes plugged, clear it with a fine wire or hold 
the rubber tip of the pipette against the nozzle of a 5 cc. syringe and press 
air through the tip. Between samples the mercury drop and the drop of 
the acid rinsing solution are sucked out of the pipette by application of the 
suction tip to the rubber tip on the pipette. 

Analysis—The most critical part of the analysis is correct delivery of the 
gas sample, av oiding suction on the micrometer burette. A proper line-up 
between the bore of the transfer pipette and the bore of the reaction cham- 
ber capillary is easily accomplished by means of the funnel-ground capillary 
and conical rubber tip to match, a most valuable improvement of the 
original model contributed by Mr. Warner Love of the Department of 
Joology, Swarthmore. The transfer pipette must be kept clean. The 
easiest way to avoid clogging is to make use of a long and relatively wide 
bore for the air resistance in the tip instead of a short and very fine one. 

The reason for not setting the micrometer at zero exactly at the beginning 
of the analysis is as follows: The rubber stoppers E and F are elastic, and 
atrace of elasticity is likewise derived from unavoidably trapped minute air 
bubbles. Hence gross changes in mercury levels between the reaction 
chamber and the side arms will slightly affect the total volume of the appa- 
ratus. When the mercury level is lowered from the mark on the capillary 
to half-way down the reaction chamber during introduction of the gas 
sample, there is consequently a minute decrease in the total liquid capacity 
ofthe apparatus. The magnitude of this shrinkage is easily determined by 
reading the gas meniscus at the mark with the mercury almost to the mark, 
then letting in all absorbing fluids from both side arms, drawing down the 
mercury from the capillary, and readjusting the gas meniscus to the mark. 
The reading will then be close to 0.5 division higher than before. Setting 
the micrometer at minus 0.5 instead of zero corrects empirically for this 
minute elasticity error. 

If the concentration of absorbable gas in the sample is high, larger than 
usual amounts of absorbent must be used. The CO. absorbent will absorb 
10 times its volume of CO, without significantly altering vapor tension and 
the O, absorbent will absorb 5 to 6 times its own volume of O, before turning 
brown and giving poor results (see below). 

Carefully avoid sucking the rinsing solution down through S-2. The 
rinsing solution will gradually remove the grease coating, allowing the 
trapped traces of acid to move in the stop-cock. This is usually first de- 
tected by the fact that the micrometer misses the zero after the end of the 
analysis. To check the tightness of S-2, fill B with the acid solution and 
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adjust the gas meniscus to the mark. With S-2 in Position I, hang th 
leveling bulb low on the ring or handle J. If S-2 leaks, the meniscus yj 
move slowly down. If the bulb is hung high, the meniscus will rise. [Jp. 
less the meniscus stays at the mark, dry and regrease S-2, and tie the leye. 
ing bulb to the ring with a piece of string so that it cannot be lowered beloy 
the glass joint. 

Accuracy of Method—This method has been checked by analyses of oy. 
door air and by a check against Haldane analyses run by expert analysts g 
the Harvard Fatigue Laboratory (Tables I to III). 

The samples of outdoor air were drawn directly into the transfer syring 


TaBLe I 


Twenty-Five Consecutive Runs on Outdoor Air with Approximately 0.5 Cc. Sampla 

















CO: O: CO2 On 
per cent per cent per cent per cent 
0.03 (29)* 20.94 (43)* 0.02 (23)* 20.93 (29)* 
0.03 (34) 20.93 (25) 0.03 (29) 20.94 (38) 
0.03 (34) 20.93 (33) 0.03 (34) 20.93 (34) 
0.03 (30) 20.93 (29) 0.03 (34) 20.93 (32) 
0.03 (34) 20.95 (54) 0.03 (34) 20.92 (23) 
0.04 (40) 20.95 (48) 0.03 (29) 20.93 (31) 
0.03 (29) 20.94 (43) 0.03 (34) 20.94 (41) 
0.03 (34) 20.94 (41) 0.04 (40) 20.95 (48) 
0.03 (29) 20.95 (52) 0.05 (46) 20.95 (52) 
0.03 (29) 20.94 (35) 0.04 (40) 20.95 (50) 
0.03 (29) 20.96 (56) 0.03 (29) 20.97 (66) 
0.03 (34) 20.95 (54) 0.03 (34) 20.93 (32) 

0.03 (34) 20.95 (49) 
Average. .0.033 20.941 





*Figures in parentheses are the second and third decimals. 





through a 1 meter long glass capillary which protruded into the open air 
through a small hole in the window. 

It appears that the accuracy of the method matches that of the Haldane 
apparatus and thus it can be used for all ordinary respiratory work. It has 
the advantage of requiring much smaller quantities of gas and that samples 
with over 99 per cent absorbable gases can be handled directly. The aver- 
age time for an analysis is 6 to 8 minutes. 

Remarks—The new analyzer works along principles similar to an earlier, 
more complicated system (3). Weaknesses in the construction of the for- 
mer apparatus have been eliminated and through well over 3000 analyses 
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TasB.e II 
Checks of Expired Air and CO;-Rich Air Analyzed on Haldane Apparatus and 0.5 Ce. 
Apparatus 
a Se ‘i aie res suite 
| Carbon dioxide Oxygen 
Check No. —— —— ns 
| Haldane 0.5 cc. Haldane | 0.5 cc. 
1 | 5.52 5.50 14.59 14.64 
| 5.52 5.50 14.63 14.62 
5.51 5.49 14.61 14.64 
| 5.50 14.62 
| Average........5.52 5.50 14.61 14.63 
) | 15.24 15.24 12.41 12.35 
| 15.25 15.27 12.35 12.36 
15.26 15.28 12.38 12.34 
15.25 12.35 
| 12.37 
| Average....... 15.25 15.26 12.38 12.35 
3 | | 2.50 2.49 18.16 18.16 
| 2.49 18.18 
2.53 18.15 
Average........2.50 2.50 18.16 18.16 
4 4.47 4.47 16.10 16.13 
4.46 16.13 
Average........ 4.47 4.47 16.10 16.13 
Tas_e III 
Checks on High Per Cent Absorbable Gases in 0.6 Cc. Apparatus 
— 
. | . Total gas 
Check No. | COz O: ‘Tieaed 
1 | 28.33 63.31 91.64 
28 .33 63.31 91.64 
| 28.34 63.30 91.64 
28.34 63.28 91.62 
2 38.10 61.12 99.22 
38.10 61.12 99.22 
38.12 61.07 99.19 
38.10 61.12 99.22 


| 
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performed during the development of the new analyzer a fuller understand. 
ing of the problems involved has been obtained. 

The chief difficulties which had to be overcome were the isolation of the 
indicator drop from surface action in the reaction chamber and the develop. 
ment of suitable absorbing fluids. 

Isolation of Indicator Drop from Surface Action in Reaction Chamber 
It was not possible in the present analyzer to get a free motion of the ind- 
eator drop, no matter what liquid was used, unless there was an absolute 
break between the surface film in the reaction chamber and the capillary. 
The greatest difficulty arises from the use of the anthraquinone--sulfonate. 
which in the conventional concentration of 1 sulfonate to 10 hydrosulfite 
produces a tough surface skin which creeps over all hydrophobic coatings so 
far tested, including silicone resins and silicone films. Even | per cent 
sulfonate creeps over most coatings. The only satis'actory coating among 
half a dozen tested is ordinary Clarite X in toluene, provided the oxygen 
absorbent has only 1 part of anthraquinone-6-sulfonate to 200 parts of 
sodium hydrosulfite. The Clarite coating will then last 150 to 200 analyses 
before the surface film creeps over and engages the indicator drop. When 
this happens, the drop will lag behind sharp movements of the micrometer 
and the sensitivity and accuracy will be lost. The silicones so far tried ar 
almost impossible to delimit sharply in the capillary, and once they have 
spread they are extremely difficult to remove. Clarite is removed easily 
with toluene and its strongly hydrophobic properties are augmented rather 
than decreased by running the alkali over it at the end of each analysis. 
Often when the capillary is newly coated, it will have a few hydrophobie 
specks in it which, however, are readily dissolved by the alkali after one or 
two wettings. Left with the acid for any length of time the coating becomes 
hydrophilic until some alkali has been run over it. When left overnight 
the apparatus should be rinsed with water half-way down the reaction 
chamber and left with air down to the same level. 

Composition of Solutions—The mixtures of solutions in the reaction cham- 
ber must, throughout the analysis, retain the same constant vapor tension. 
Absorbing solutions must have rapid enough and large enough absorbing 
capacity. Solutions must not creep over the hydrophobic coating. The 
acid rinsing solution and absorbents must not form gas bubbles where they 
meet between the mercury and glass walls in the side arms. Solutions 
should have the least possible solubility for gases. The acid solution should 
produce the least possible heat when neutralized by alkali. 

In order to prevent gassing (CO., SOs) in the side arms where the acid 
meets the absorbents and in order to minimize the neutralization heat when 
KOH is tilted in for CO, absorption, the acid solution must be only weakly 
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acid. In order to get the lowest possible gas solubility all solutions should 
be as concentrated as possible. High alkalinity in the oxygen absorber is 
necessary in order to neutralize the considerable quantities of acid formed 
by oxidation of the sodium hydrosulfite, or the absorbing capacity will be 
toolow. These prerequisites have been the basic factors in making up the 
formulas for the solutions. The following testing procedures have been 
used for balancing the solutions with respect to vapor tension. 

Matching Acid with Absorbents—CO,-free air is introduced in the reaction 
chamber by drawing room air through a tube with Ascarite or other granu- 
lar CO. absorber. The gas volume is adjusted with the meniscus to the 
mark. The compensating chamber is closed, the micrometer is read, and 
the CO. absorber is tilted in. The strength of the acid or absorber is 
changed until the gas volume remains the same within +0.1 of the smallest 
divisions. An additional check is the determination of COs in outdoor air 
which Will then come out 0.02 to 0.05 per cent. With alkali and acid bal- 
anced a similar procedure is followed for balancing the oxygen absorber. 
For this purpose the nozzle of an ungreased 50 cc. syringe is connected with 
acapillary stop-cock by means of a short piece of stiff vacuum tubing. The 
barrel is one quarter filled with a strong conventional hydrosulfite anthra- 
quinone-8-sulfonate solution. Air is drawn in to the 50 ce. mark; the stop- 
cock is closed and the syringe is shaken to remove all oxygen. The syringe 
is placed in a narrow vessel, plunger down, with water covering the barrel 
bearing to prevent the plunger from sticking. A drop of mercury is placed 
in the stop-cock capillary, the transfer pipette is seated over the capillary 
opening, the barrel is pressed down, and a sample is transferred to the 
sampling pipette and delivered to the analyzer. The solution is strength- 
ened or weakened until the gas volume remains the same within +0.1 of the 
smallest divisions when the absorber is tilted into the reaction chamber. 

The present carbon dioxide absorber absorbs 10 times its own volume } 
before the water vapor tension changes noticeably. The oxygen absorber 
takes up 5 to 6 times its own volume of oxygen before changing its vapor | 
tension noticeably; after that, discoloration and change in tension take 
1a -and finally, when the solution turns acid, there is evolution of gases. 
These determinations were performed by absorbing known amounts of gases 
ina 5 cc. syringe containing known amounts of absorbents, then transferring 
the solutions anaerobically from the syringe to the side arms of the analyzer 
and performing a vapor tension check with nitrogen, as described above. 

The solubility for gases in the solutions given, according to determina- 
tions on a Van Slyke manometric apparatus, is between one-half and one- 
third that of water (water 100 per cent, acid 37 per cent, CO, absorber 49 
per cent, oxygen absorber 34 per cent). 
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I am greatly indebted to Dr. Laurence Irving for his constant encourage. 
ment, help, and advice in developing the present method. 

I am likewise greatly indebted for help and encouragement by staff mem. 
bers of the Harvard Fatigue Laboratory, who furnished critical advice and 
have contributed a large number of check analyses on their Haldane 
machines. 

J. D. Graham of the Department of Physiology of the University of 
Pennsylvania executed with patience and with his usual skill the several 
developmental stages which finally led to the present analyzer. 

SUMMARY 

A volumetric gas analyzer is described which will determine carbon d- 
oxide, oxygen, and nitrogen in 0.5 ce. samples or less, with an accuracy of 
+0.015 volume per cent. It handles directly samples containing from zero 
to over 99 per cent absorbable gases. The analysis requires from 6 to 8 
minutes. 
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DIPHTHERIA TOXIN* 


Ul. A REINVESTIGATION OF THE EFFECT OF IRON ON TOXIN AND 
PORPHYRIN PRODUCTION 


By ALWIN M. PAPPENHEIMER, Jr. 


(From the Department of Bacteriology, New York University 
College of Medicine, New York) 


(Received for publication, October 10, 1946) 


In diseases such as diphtheria and tetanus, almost all the clinical symp- 
toms terminating in death are due to specific soluble toxins produced in 
vivo (or in vitro) by the diphtheria and tetanus bacilli respectively. Al- 
though diphtheria toxin has been isolated as an essentially pure protein 
which has been reasonably well characterized both chemically and physi- 
cally (1-3), almost nothing is known of the primary mechanism by which 
this highly poisonous protein causes injury to the tissues of the susceptible 
host. The pathological changes brought about in animals and in marr have 
been extensively studied, and recently attempts to demonstrate biochem- 
ieal changes in intoxicated animals have been reviewed by Holmes (4). 
No enzyme system has as yet been discovered which is inhibited by diph- 
theria toxin, nor has it been possible to demonstrate enzymic activity 
with purified preparations of the toxin. It is our opinion that the gross 
lesions caused by the toxin, including the typical lesions of the adrenal 
glands and the metabolic changes which have been observed in intoxicated 
animals, represent secondary changes which follow by many hours or days 
a primary irreversible injury occurring a few moments after the toxin has 
been injected. It is the nature of this primary injury which the present 
research is designed to elucidate. 

It has occurred to us that, if the réle which the toxin plays in the metab- 
olism of the diphtheria bacillus itself can be determined, then it may 
well be possible to predict the manner by which it causes damage to the 
cells of higher animals. A promising clue in this direction is provided by 
the well known inhibition of toxin production caused by the addition of 
small amounts of iron to the medium on which the diphtheria bacillus is 
cultivated (5,6). At very low iron concentrations both growth and toxin 
production are poor. As iron is added, growth and toxin increase rapidly, 
the latter reaching a maximum titer in the culture filtrate when about 0.1 
mg. of iron is present per liter of medium. As further iron is added, growth 
continues to increase slightly (10 to 20 per cent) but toxin production falls 
rapidly and practically none is found in culture filtrates from media con- 


*This work was aided in part by a grant from the Commonwealth Fund. 
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taining 0.6 mg. of iron per liter. It has also been observed by sever} 
workers that a porphyrin is present in toxic filtrates, the concentration of 
which parallels that of the toxin (7-9). Porphyrin production is algo jp. 
hibited when more than 0.1 mg. of iron is present per liter of medium (10), 
It seemed worth while, therefore, to reinvestigate the effect of iron on 
diphtheria toxin and porphyrin production by Corynebacterium diphtheriae 
in the hope that their quantitative relationship might indicate the part 
played by the toxin in the metabolism of the bacilli. The observations to 
be presented strongly suggest that diphtheria toxin is the protein moiety of 
an as yet unidentified iron-containing respiratory enzyme. 


Methods 


Cultural Methods—The Park-Williams No. 8 strain of Corynebacterium 
diphtheriae was grown on casein hydrolysate medium as described by 
Mueller and Miller (11) with a culture obtained from the Antitoxin and 
Vaccine Laboratory, Jamaica Plain, Massachusetts. Some difficulty was 
encountered in obtaining high yields of toxin on this medium when Pfan- 
stiehl’s purified maltose was used as the sole source of carbohydrate. The 
cultures soon became alkaline (above pH 8) and growth and toxin produe- 
tion virtually ceased. However, when 0.1 per cent glucose was added in 
addition to maltose, the pH was maintained in the neighborhood of 7 
throughout, and good yields of toxin resulted. After 7 days incubation 
at 34° in Pyrex Povitsky bottles, each containing exactly 300 ec. of medium, 
good growth and 65 to 85 Lf units per cc. of toxin were obtained, provided 
the iron concentration was adjusted as recommended by Mueller and 
Miller. 

Estimation of Growth—Growth was determined as bacterial nitrogen. 
At the end of the incubation period, the contents of each bottle (275 ce., 
owing to evaporation) were transferred to clean Pyrex centrifuge bottles. 
After centrifuging, the supernatant was drawn off and saved for analysis. 
The organisms were washed once with about 200 ec. of saline and then 
suspended in saline containing 1:10,000 merthiolate to a volume of 200 ce. 
A few Pyrex glass beads were added and the suspension shaken for about 
2 hours in Pyrex bottles on a shaking machine in order to break up lumps 
of bacterial pellicle. 1 ce. aliquots were then quickly withdrawn into 
Pyrex tubes, centrifuged, and washed twice with saline. The packed cells 
were digested and analyzed by the micro-Kjeldahl technique. 

Total Protein in Culture Supernatant—1 cc. of clear culture supernatant 
was treated with 0.25 cc. of 10 per cent trichloroacetic acid. After standing 
overnight in the cold, the precipitate was centrifuged and washed twice 
with 5 cc. charges of 2 per cent trichloroacetic acid. The precipitate was 
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then digested and analyzed for nitrogen by the Markham (12) modification 
of the micro-lx jeldahl technique. 

Iron Analyses—50O cc. samples of the once washed bacterial suspensions 
described above were centrifuged. After the supernatant was discarded, 
the sedimented organisms were dissolved in 10 cc. of hot reagent grade 
nitric acid and transferred quantitatively to micro-Kjeldahl flasks con- 
taining 0.3 cc. of sulfuric acid. The flasks were boiled until fumes of 
sulfuric acid appeared. A second 10 cc. charge of nitric acid was then 
added. The ashing was completed by addition of a few drops of superoxol. 
To the residue were added 6 cc. of 2 M sodium acetate, 1 ec. of 0.0025 m 
dipyridine in 1 N HCl, and the solution made up to 10 ce. in a volumetric 
fask. The pink color of iron dipyridine was developed by addition of a 
few crystals of ascorbic acid and compared in a Coleman universal spectro- 
photometer at 515 my against a similarly treated blank with the reagents 
alone. 

Porphyrin Analyses—Porphyrin analyses were carried out by comparing 
the extinction at 403 my of the diphtherial porphyrin with a standard 
hematoporphyrin solution in 1 N HCI with the Beckman spectrophotometer. 

Hematoporphyrin was prepared according to a modification of the pro- 
cedure described by Fischer (13). 0.9 gm. of hemin was shaken for 8 
hours with 18 ce. of dry hydrogen bromide in glacial acetic acid, sp.gr. 
140. The solution was then poured into 500 cc. of distilled water and 5 N 
NaOH (about 15 cc.) was added until precipitation was complete. The 
precipitated porphyrin was centrifuged, washed with water, and then dis- 
solved in 125 cc. of water with the aid of 1 ec. of 5N NaOH. The sodium 
salt was then precipitated by the addition of 35 gm. of sodium acetate -3H,O 
and filtered by suction. The precipitate was dissolved in 35 cc. of hot 
dilute HCl (0.6 N) and filtered while hot. Hematoporphyrin dihydro- 
chloride crystallized in fine needles. The yield was 150 mg. 

Porphyrin may be extracted quantitatively from diphtheria culture fil- 
trates as follows: 15 cc. of culture filtrate are treated with 15 ec. of concen- 
trated HC] and heated 10 minutes in a boiling water bath. (Short heating 
with strong acid is necessary to avoid gel formation and adsorption of por- 
phyrin by precipitated protein.) After cooling, the solution is neutralized 
with 5n NaOH. 7 ce. of glacial acetic acid are then added and the por- 
phyrin extracted into an equal volume of ether. The ether layer is washed 
three times with distilled water. Finally, the porphyrin is extracted with 
1N HCl and made up to exactly 25 ce. in 1 N HCl. 

Diphtherial porphyrin and hematoporphyrin show almost identical ad- 
sorption curves in 1 N HCl between 380 and 620 mu when examined in the 
Beckman spectrophotometer, with absorption maxima at 402.5, 550.5, 594, 
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and 575 my (intensity in that order). The intense band at 403 my proved 
the most suitable for analysis. In Fig. 1 it is shown that Beer’s law is fg. 
lowed, since a straight line is obtained on plotting the extinction against 
porphyrin concentration from 0 to 0.8 mg. per liter. The molar extinetio, 
coefficient of hematoporphyrin in 1 nN HC! at 403 my is 3.46 X 10°, 

We have been most interested in the change in porphyrin concentration 
in filtrates from bacteria grown in media containing increasing iron concep. 
trations. This is most conveniently measured by treating 5 ce. cultup 
filtrate with 5 ce. of concentrated HC! at 100° for 2 minutes to dissolye 
precipitated protein. After cooling, the mixture is diluted exactly 10-fold 
with 1 nN HCI and the extinction measured at 403 my. The extinction at 
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Fic. 1. Extinction of hematoporphyrin dihydrochloride in 1 N HC] at 403 mg 


the highest iron concentration is subtracted frcm that at lower iron concen- 
trations and the change in porphyrin concentration calculated from the 
standard curve shown in Fig. 1. The validity of the method is demon 
strated by Fig. 2, in which in Curve I is plotted the extinction between 380 
and 430 my of the culture filtrate (dil.ted 1:20 in 1 N HCl) at the iron 
concentration optimal for toxin and por; hyrin production. Curve II stows 
the absorption of a filtrate at the same dilution from a culture containing 
an additional 0.35 mg. of iron per liter. Curve III is the absorption curve 
of hematoporphyrin (3.9 X 107 m) in 1 N HCl. The points plotted a 
Curve III were obtained by subtracting Curve II from Curve I at the 
corresponding wave-lengths. 
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EXPERIMENTAL AND RESULTS 


5 liters of casein hydrolysate medium were prepared. 0.125 mg. of 
FeSO,-7H,O was added, an amount previously determined to yield optimal 
toxin production. Exactly 300 ce. of medium were placed in each of 
sixteen Pyrex (Povitsky) culture bottles and the following quantities of 
iron were added (as FeSOQ,-7H2O) to duplicate bottles before inoculation 
with Corynebacterium diphtheriae; 0, 15, 30, 45, 60, 75, 90, and 105 y of Fe. 
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Fic. 2. Absorption spectra of diphtheria culture filtrates in the near ultraviolet. 
Curve I, culture filtrate diluted 1:20 in 1 N HCl; no added iron. Curve II, culture 
filtrate diluted 1:20 in 1 n HCI; 0.35 mg. of iron added per liter. Curve III, hema- 
toporphyrin (3.9 X 10-7 m) in 1 N HCI; the points plotted on this curve were obtained 
by subtracting Curve II from Curve I at the corresponding wave-lengths. 


After 7 days at 34°, the cultures were removed from the incubator. The 
Volume per bottle had decreased to 275 cc. because of evaporation. The 
contents of each bottle were carefully transferred to clean Pyrex centri- 
fuge bottles, centrifuged, and washed with saline, as described above. The 
organisms were analyzed for iron and nitrogen. The clear supernatant was 
stored in 8 ounce Pyrex screw cap bottles and preserved by the addition of 
1:10,000 merthiolate. The culture supernatant was analyzed for toxin 
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by the flocculation reaction, for total protein, and for porphyrin, 9 
described above. 

The results are summarized in Table I, the figures given representing 
total yields per culture bottle, ¢.e. from 300 ce. of medium. In Fig, 3 
toxin and porphyrin production are plotted as a function of the iron added. 
By extrapolation of these curves, it is seen that 30.4 X 10-7 gm. atoms of 
iron should inhibit toxin production completely. The values given in the 
last line of Table I are calculated for this iron concentration. It will be 
noted that over the entire iron range there is an increase of about 20 per 


TABLE [| 


aadnt of Iron on Growth and Metaholic Products of Cepnarinean Diphtheria 





— — _ _ ee 


| Prec ipitable | 














Iron added| Final re i mee] Porphyrint | Toxin | Jatin 
| supernatant*| | | 
aq | ad | am | ad | w | (VI) a oe (VII) | (VIII) 
| | =" a | | 
or ae Soe | mg. N | fm. bac gm. mole X 107 | gm. mole X 107 presi 
0 | 6.65 | 204 | 22.7 | 0.16 | 32.1 (35.8) | 7.6, 7.45 | 38.2 
2.7 | 6.76 | 211 | 30.5 | 6.95, 7.15 
5.4 | 6.85 | 207 | 24.0 25.1 | 6.4, 6.4 | 307 
8.1 | 6.68 | 216 24.8 0.38 | 22.8 | 5.5 25.5 
10.8 | 6.94 | 212 2.2 | 0.45 | 19.5 4.95, 4.75 | 22.0 
13.4 | 6.93 | 224 | 26.4 | 18.1 4.07 17.8 
18.8 | 6.68 | 226 | 26.7 0.57 | 11.7 (15.4) | 2.98 12.8 
30.4t | 241 30.0 | 0.85 0 (3.7?) | 0 0 








* Average of duplicate determinations. 

t The values in parentheses were obtained by ether extraction of culture filtrates. 
The other figures in Column VI are mean values for change in porphyrin concen- 
tration, measured as described under ‘‘Methods.”’ For simplification we have ar- 
bitrarily assumed a blank of 3.7 X 10-7 moles of porphyrin when 30.4 X 107 gm 
atoms iron have been added. 

t In this line the values are calculated for complete toxin inhibition. 


cent in bacterial growth and in total bacterial protein precipitable from the 
culture supernatant. At the same time the bacterial iron content (Column 
V) is increased more than 5-fold. Toxin production per bottle is given in 
Column VII. Moles of toxin produced were calculated from the floccula- 
tion titer, assuming 0.00288 mg. of pure toxin per flocculating unit (1) and 
a molecular weight of 72,000 (3). From Columns IV and VIII, it will be 
noted that, although toxin decreases from 38.2 per cent of the trichloro 
acetic acid-precipitable protein to zero, the total bacterial protein in the 
culture supernatant is actually increased. Nothing is known at this time 
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regarding the nature of this atoxic protein which appears in the supernatant 
gs toxin disappears. 

The results of the porphyrin analyses are given in Column VI. Although 
the slope of the iron-porphyrin curve is —1 (Fig. 3), the absolute values 
found by ether extraction are about 20 per cent higher than those calcu- 
lated to combine with the corresponding amounts of iron and toxin. It is 
not certain whether this represents a true excess of porphyrin or whether 
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Fic. 3. Curve I, effect of iron on porphyrin production; Curve II, effect of iron 
on toxin production. 


the extinction coefficient of the diphtherial porphyrin is different from that 
afhematoporphyrin. The discrepancy could also be explained by traces 
of non-porphyrin material which absorb at 403 mu. 


DISCUSSION 


The parallelism between toxin and porphyrin in toxic filtrates from 
Corynebacterium diphtheriae and the inhibition of toxin production by iron 
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have led several workers to postulate that the toxin is in some Way con- 
cerned in oxidation-reduction reactions (Mueller (6), Coulter and Stone (7), 
Eaton (14), and Norlin (15)). The quantitative relationships betwee, 
these substances reported in the present paper make such a connection 
almost certain. In Fig. 3, the disappearance of toxin and porphyrin from 
the culture supernatant is plotted in gm. molecules as a function of gm, 
atoms of iron added. The slope of the toxin-iron curve! is exactly —} and 
that of the porphyrin-iron curve is —1. For every 4 atoms of iron added 
to the culture medium over and above that optimal for toxin production, 
4 molecules of porphyrin and 1 of toxin disappear from the supernatant, 
In our opinion, the most reasonable interpretation of these findings is that 
diphtheria toxin is the protein moiety of an iron-containing respiratory 
enzyme. Media which are optimal for toxin production still do not permit 
maximum growth because of their low iron content. Under these condi- 
tions of iron deficiency, the diphtheria bacillus retains its capacity to 
synthesize porphyrin and specific protein in equivalent quantities. Lack- 
ing enough iron to form the complete enzyme (in maximum amount), the 
cells have no use for either the free porphyrin or protein moiety (toxin), 
and these are excreted into the surrounding culture medium. On the other 
hand, when sufficient iron is present in the culture medium, it is taken up 
by the cells in which it combines with porphyrin and specific protein to 
form the complete respiratory enzyme. In confirmation of this hypothesis, 
the iron added over the toxin inhibition portion of the curve has been 
recovered quantitatively from the bacterial cells. Moreover, as the iron 
content of the cells increases, a two-banded hemochromogen type of spee- 
trum becomes visible in cell suspensions treated with dilute sodium hy- 
droxide and sodium hydrosulfite. 

Work is now in progress attempting to identify the unknown enzyme 
presumably composed of iron, porphyrin, and toxin. Since toxin is a highly 
specific protein and disap; ears from the culture filtrate in amounts exactly 
equivalent to the iron taken up by the cells, it is possible that the toxin- 
containing enzyme will be the only one of the various iron enzymes whose 
cellular concentration will change significantly over the range in question. 
Mueller (6) has cited unpublished experiments by Fox and Klotz which 
demonstrated that the catalase activity of the diphtheria bacillus was in 
creased when grown on media containing an excess of iron. In preliminary 
experiments, we have confirmed their observations. However, catalase 
can hardly be the enzyme sought in the present instance, since the total 
increase in catalase iron is only about 1 per cent of the iron required to 
inhibit toxin production.” 

1 Recalculation of the toxin inhibition curve published in 1936 by Pappenheimet 


and Johnson (5) also gives a slope close to —}. 
2 These experiments will be reported in more detail in a subsequent paper. 
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The porphyrin found in culture filtrates parallel with diphtheria toxin 
was first studied by Coulter and Stone (7) and later by Dhere et al. (8) and 
Wadsworth, Crowe, and Smith (9). All these workers assumed the por- 
phyrin to be coproporphyrin on the basis of spectroscopic observations 
alone. Our own measurements in the Beckman spectrophotometer show 
maximum extinction in 1 N HC! at 402.5, 550.5, 594, and 575 mu (intensity 
in that order) for the porphyrin extracted from toxic filtrates. Hemato- 
porphyrin shows identical maxima and relative intensity of the bands. 
Absorption maxima for both copro- and hematoporphyrins in 5 per cent 
HClare given by Fischer and Orth (16) as 401, 551.6, 595.2, and 575.8 mu. 
The hydrochloric acid number of the diphtherial porphyrin is 0.1, also 
identical with both copro- and hematoporphyrins. Final identification 
of the diphtherial porphyrin must obviously await its isolation and analysis. 


SUMMARY 


1. The effect of iron on toxin and porphyrin production by Coryne- 
bacterium diphtheriae has been reinvestigated. 

2. For every 4 atoms of iron added to the culture medium (above that 
optimal for toxin production), 4 molecules of porphyrin and 1 of toxin dis- 
appear from the culture filtrate. The iron added has been recovered quan- 
titatively from the bacterial cells. 

3. The results suggest that diphtheria toxin is the protein moiety of an 
iron-containing respiratory enzyme. The particular enzyme has not as 
yet been identified. 
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THE PROBABLE IDENTITY OF STREPOGENIN WITH 
FACTOR 8 AND THE IMPORTANCE OF THIS 
FACTOR IN CHICK NUTRITION* 


By M. L. SCOTT, L. C. NORRIS, anv G. F. HEUSER 


(From the Agricultural Experiment Station and the School of Nutrition, Cornell 
University, Ithaca) 


(Received for publication, October 18, 1946) 


Factor 8 was first described as a growth essential for chicks by Schu- 
macher, Heuser, and Norris (1) in 1940. Using a simplified diet consisting 
chiefly of degerminated corn-meal and peanut meal, these workers found 
that poor growth resulted unless the chick diet was supplemented with 
dried brewers’ yeast. They found that by fractional precipitation of an 
aqueous extract of dried brewers’ yeast with 95 per cent ethanol they were 
able to separate the growth-promoting activity of the yeast into two frac- 
tions. The factor contained in the fraction which was precipitated under 
acid conditions (pH 1.5) was named factor 8, while the term factor R 
applied to the growth factor present in the fraction which was precipitated 
at neutrality. Factor R has recently been shown by Charkey (2) to be a 
folic acid conjugate. 

While it has always been possible in this laboratory to show a growth 
response in chicks upon administration of factor S with the corn-meal-pea- 
nut meal basal diet, factor S has usually appeared to be unnecessary for 
gowth when a purified basal diet containing casein as the protein source 
wasemployed. In a recent report by Scott, Norris, Charkey, Daniel, and 
Heuser (3) it was shown that the hemoglobin levels in chicks receiving a 
purified diet containing adequate folic acid were increased by the addition 
of factor S, but normal growth of the chicks was obtained without the addi- 
tion of this factor. 

Subsequently, Scott, Norris, and Heuser (4) suggested that the chick 
growth factor S may be identical with the microbiological growth factor, 
strepogenin, of Sprince and Woolley (5). This suggestion was based upon 
the discovery that the properties and the distribution in natural materials 

*This work was undertaken in cooperation with the Office of Naval Research, 
Navy Department, Washington, D. C., and was aided by grants to Cornell University 
by the Nutrition Foundation, Inc., New York, and the Western Condensing Com- 
pany, San Francisco, California. The work was conducted in the Nutrition Labora- 
tories of the Department of Poultry Husbandry. A preliminary report of some of the 
results presented in this paper was made at the Informal Poultry Nutrition Confer- 
ence, Meetings of the Federation of American Societies for Experimental Biology, 
Atlantic City, New Jersey, March, 1946. 
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of these two factors are similar. It was also found that the factor § eop. 
centrate from yeast of Schumacher, Heuser, and Norris (1) contained the 
major portion of the strepogenin present in the original yeast, while the 
factor R and alcohol filtrate fractions contained very little strepogenin, 
Analyses of the ingredients of the purified chick diet for strepogenin showed 
that the purified casein was the only ingredient containing an appreciable 
amount of this factor. While the purified casein contained only about 
one-half as much strepogenin as the crude casein from which it was made, 
it was still sufficiently rich in this factor to furnish as much strepogenin in 
the basal diet as would be supplied by 50 to 60 per cent dried brewers’ 
yeast. Assuming that factor 8 is identical with strepogenin, this would 
account for the inability to obtain a growth response in chicks by the addi- 
tion of factor 8 to the casein diet. 

With this in view, a study was undertaken to discover a source of pro- 
tein of sufficiently high biological value to furnish the amino acid require- 
ments of the chick and at the same time supply very little factor 8. 

In a series of microbiological assays for strepogenin already reported 
(4), it was found that most of the sources of protein of high biological 
value are also good sources of strepogenin. However, as_ previously 
reported by Sprince and Woolley (5), dried egg albumen was found to be 
a relatively poor source of the factor. Woolley (6) has found strepogenin 
concentrates to be active in promoting the growth of mice on a highly 
purified diet containing dialyzed heated egg white as the protein source. 
Although dialysis of egg albumen in sufficient quantities for use in chick 
studies was considered impractical, it was found that autoclaving the egg 
albumen in the powdered state for 3 hours at 120° reduced its strepogenin 
content to a very low value. 

Liver meal was also found to be a relatively poor source of strepogenin. 
However, the amount of this material needed to supply sufficient protein 
for the chicks would contribute almost as much strepogenin as some other 
proteins such as lactalbumin, which contained more strepogenin per gm. 
of material, but which could be used at a lower level in the diet. 

With the values for the relative strepogenin content of several protein 
sources available, experiments were conducted with chicks to determine 
whether there was a correlation between strepogenin content and factor 
S activity, not only of the protein sources used in the diets but also of 
various supplements added to the diets. The results of these experiments 
are presented in this report. 


EXPERIMENTAL 


Experiment 1—This experiment was conducted to determine the rela- 
tive growth-promoting effect of several different protein sources of known 
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strepogenin content and to determine whether dried brewers’ yeast, a 
known source of factor 5, and casein, a known source of strepogenin, 
promote equal gains in weight in the chicks when fed at levels supplying 
equivalent amounts of strepogenin. The“protein sources used were 
jpurified casein, egg albumen, lactalbumin, and liver meal. The purified 
easein used in this study was allowed to stand at pH 1.0 overnight before 
purification by the regular procedure used in this laboratory. This 
method of treatment reduced the strepogenin content to a fairly low value. 
However, the casein still contained considerably more strepogenin than 
was present in the egg albumen. The egg albumen used in this experiment 
was subjected to heat treatment by autoclaving for 3 hours at 120°. 

The protein ingredients were added to the diet, previously described by 
Seott, Norris, Heuser, and Bruce (7), from which the casein, gelatin, and 
succinylsulfathiazole had been omitted. Gelatin, which is a very poor 
source of strepogenin, was supplied at a level of 10 per cent as a supplement 
to the casein, egg albumen, and lactalbumin diets. 0.2 per cent dl-methio- 
nine was added to the casein diet, since this diet was calculated to be 
slightly deficient in this amino acid. All of the basal diets contained 
approximately 26 per cent total protein. Synthetic folic acid was added 
at a level of 100 y per 100 gm. of diet, which is twice the amount found 
to be required for the chick by Robertson, Daniel, Farmer, Norris, and 
Heuser (8). Corn-starch was added or omitted, as the case demanded, 
to compensate for the differences in amounts of protein supplements used. 
The diets used in this experiment are presented in Table I. 

Single comb white Leghorn male chicks were used in the experiment, 
fifteen chicks per lot. Each of the diets was supplied to the chicks alone 
and together, with supplements of strain S of dried brewers’ yeast and 
crude casein. The casein was supplied at two different levels. At a 
level of 2.2 per cent it supplied the same amount of strepogenin as that 
supplied by 10 per cent dried brewers’ yeast. At the 10 per cent level 
casein supplied an amount of strepogenin approximately equal to that of 
certain practical diets known to produce good growth in chicks. 

The results presented in Table II showed that only the autoclaved 
egg albumen (basal Diet 672) was severely deficient in growth-promoting 
activity. On this diet 10 per cent yeast and 2.2 per cent crude casein, 
supplying equivalent amounts of strepogenin, produced approximately 
equivalent gains in weight, and both supplements caused the average 
hemoglobin levels to rise to approximately normal values. All other 
basal diets produced approximately equal gains in chick weight and ap- 
peared to contain sufficient factor S to prevent anemia. On the other 
hand, while Diet 674, containing liver meal, promoted a gain in chick 
weight of 283 gm. at 4 weeks, which is generally considered about normal, 
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the addition of 10 per cent casein to this diet caused an additional average 
gain in weight of over 100 gm. This average weight of 395 gm. for white 
Leghorn male chicks at 4 weeks of age represents an exceedingly rapid 














TABLE I 
Composition of Basal Diets 
Diet No. 
a ea a 
671 672° | 673 | 674 672-FM 

| gm gm gm | gm | gm. 
Corn-starch.... | 56.5 | 56.7 56.7 46.7 | 46.7 
Purified casein . 20.0 
Egg albumen (autoclaved) |} 20.0 | 20.0 
Lactalbumin. . 4¥ 20.0 
Liver meal (65% protein) 40.0 
Fish-meal (63% s 3 | 10.0 
dl-Methionine. . 00.2 | 
Gelatin... 10.0 10.0 10.0 | 10.0 
Salt mixturet | 5.0 | 5.0 5.0 5.0 | 5.0 
Soy bean oilt | 45 | 4.5 | 4.5 4.5 4.5 
Cellophane ; oe ) Bet Os 3.0 | 3.0 
Fish liver oil§ | 05 | 0.5 | 0.5 0.5 | 0.5 
Choline chloride O22 5 o8 i @3 0.2 0.2 
Inositol. aid |} O11 | 0.1 0.1 0.1 0.1 

mg. mg. meg. mg. mg. 
Nicotinic acid : Ce af a 38 i £2 1 a 
Calcium d-pantothenate | 1.63 1.63 1.63 | 1.63 1.63 
2-Methyl-1,4-naphthoquinone....| 1.0 1.0 1.0 1.0 1.0 
Riboflavin. 1.0 1.0 1.0 eo | 
a-Tocopherol|| . . , 1.0 1.0 1.0 1.0 
Pyridoxine hydrochloride | O5 0.5 0.5 0.5 0.5 
Thiamine chloride 0.5 0.5 0.5 0.5 | 0.5 
Folie acid.... , 0.1 0.1 0.1 0.1 0.1 
See ‘oes 0.01 0.01 0.01 0.01 0.03 





* Diet 672-B is the same as Diet 672, except that biotin was increased to 0.02 mg. 
per 100 gm. of diet. 

+t Described by Hill, Norris, and Heuser (9). 

t Phosphoric acid added to the extent of 0.2 per cent of soy bean oil as an anti- 
oxidant. 

§ Contained 400 A. O. A. C. units of vitamin D and 2000 U.S. P. units of vitamin A 
per gm. 

| A concentrate of mixed tocopherols was used which was equivalent in vitamin B 
activity to a designated amount of a-tocopherol. 





rate of gain. Liver meal has been shown by Johnson, Carrick, Roberts, 
and Hauge (10) to contain an unknown factor or factors necessary for 
normal growth in the chick. This appears to be the so called “animal 








“3 





hite 
upid 





o 


—mwmwanscace 


2 mg. 


anti- 
min A 


min E 


perts, 
y for 
nimal 





SCOTT, NORRIS, AND HEUSER 265 


in factor or factors,” evidence for which has been reported by Byerly, 
Titus, and Ellis (11), Heuser and Norris (12), and others. 
Experiment 2—Since it was not certain that the autoclaving treatment 






































Tasie II 
Effect of Diets of Different Strepogenin Content upon Growth and Hemoglobin Formation 
in Chicks 
‘ No. of Average Relative 
— Diet No. | Supplement = Mba - = at ‘bat ———— 
No. } | 4wks. 4 wks. — diet 
a | 7 gm. per mg. units 
| - 100 ml. | per 100 gm.t 
1 | 671 | None | 14 | 253 8.3 11,100 
| 10% yeast | 15 | 265 8.3 | 21,100 
| 2.2% crude casein | 15 234 8.2 21,100 
| ma * * | 15 259 | 8.8 | 55,100 
| 672 | None 7 109 | 6.3 4,300 
| | 10% yeast | 14 202 8.1 14, 300 
| 2.2% crude casein 14 | 218 | 8.8 14,300 
| 10%  * — | 14 | 287 8.5 48, 300 
673 | None | 14 298 | 8.6 | 17,500 
ot | 10% yeast 14 291 8.8 27 , 500 
2.2% erude casein 15 275 8.7 27 , 500 
10% “ " 12 | 319 | 9.2 61,500 
| 674 None 15 | 283 | 9.1 | 13,900 
10% yeast 14 | 2900 | 8.5 23, 900 
| | 2.2% crude casein 15 | 310 | 8.8 | 23,900 
| 0% = 7 15 395 9.0 57 ,000 
2 | 672-B None 14 91.6 7.2 4,300 
2% fish-meal 15 96.7 6.9 5,200 
| | 10% yeast | 14 171 8.7 | 14,300 
3 | 672-B | None 15 | 8s 7.2 4,300 
| 672-FM | « | 13t | 169 | 7.8 | 8,700 
| | Factor S concentrate “| 12f | 225 | 8.1 | 11,200 
| derived from 10% yeast) | 
10% yeast 15 272 | 8.9 | 18,700 
| 10% crude casein | 1 311 | 8.6 52,700 








* All lots in Experiments 1 and 2 were started with fifteen male white Leghorn 
thicks; all lots in Experiment 3 were started with eight male and seven female white 
Leghorn chicks. 

tPotencies compared to the strepogenin content of dried brewers’ yeast which 
has been assigned a value of 1000 mg. units per gm. 

{Two chicks were killed for other purposes. 


fiven the egg albumen in basal Diet 672 was sufficient to destroy the avidin 
known to be present in raw egg white, a second experiment was conducted 
lo determine whether or not the poor growth obtained with chicks on 
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basal Diet 672 was due, in part, to biotin deficiency. Accordingly, an 
experiment was conducted with Diet 672 but doubling the amount gf 
biotin in the basal diet. This diet was called Diet 672-B. In this experi- 
ment the growth-promoting effect of 10 per cent dried brewers’ yeast 
was compared with that of 2 per cent fish-meal. The results of this experi- 
ment are presented in Table II, Experiment 2. 

These results show that increasing the biotin level in Diet 672 had no 
beneficial effect upon the growth of chicks. The average weight of the 
chicks on the basal diet in this experiment was approximately the same 
as that of the chicks which received only half as much biotin in the basal 
diet in Experiment 1. In Experiment 2, 10 per cent yeast promoted 
approximately the same gain in weight over the control group as it did 
in Experiment 1. 2 per cent fish-meal was ineffective in promoting growth 
on this diet. 

Fish-meal is known to be a good source of the “‘animal protein factor (s).” 
2 per cent fish-meal has been found by Combs' of this laboratory to promote 
a significant gain in the weight of chicks fed a semipurified diet in whieh 
the protein was supplied by sunflower seed meal and soy bean oil meal. 
The basal diet used by Combs was found to contain approximately the 
same amount of strepogenin as was contained in the liver meal Diet 674 
plus 10 per cent crude casein fed in Experiment 1. It is apparent, ther- 
fore, that the diet used by Combs was not deficient in factor 8. 

Experiment 2a—It has been reported by Greaves and Morgan (13) that 
heat treatment of casein appears to render the lysine and histidine less 
available to rats, and that the rate of growth of rats on a heated casein 
diet can be made to equal that on an unheated casein diet only by the 
addition of lysine and histidine to the former diet. 

It was considered necessary, therefore, to investigate the possibility 
that the autoclaving treatment given the egg albumen might render the 
lysine and histidine less available to chicks. A slight methionine-cystine 
deficiency as a consequence of the heat treatment was also considered 4 
possibility. 

To determine whether or not a deficiency of lysine, histidine, or methio- 
nine could be responsible, in part, for the slow rate of growth of the chicks 
on Diets 672 and 672-B, the following study was conducted with the chieks 
which had received the basal diet in Experiment 2 for 4 weeks. These 
chicks were divided into three groups. One group of four chicks contiaued 
to receive only basal Diet 672-B. Five chicks in the second group 
ceived basal Diet 672-B, but were given, in addition, 100 mg. of histidine, 
500 mg. of lysine, and 500 mg. of methionine, orally, every other day for 


1 Combs, G. F., unpublished data. 
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9weeks. The third group of four chicks was given Diet 672-B plus oral 
gdministration of 10 y of biotin per chick every other day for the 2 week 

iod. The average gains in weight of the three groups of chicks, over 
the 2 week period, are presented in Table III. There were no appreciable 
differences in the average gains in weight of the three groups, indicating 
that a deficiency of lysine, histidine, and methionine or of biotin probably 
did not exist in the basal diet. 

Experiment 2b—In order to determine whether or not these chicks, which 
had now been depleted for 6 weeks, were still capable of responding to 
factor S, ten of the surviving chicks from Experiment 2a were redistributed 
into two groups of five chicks each in such a manner that the average 
chick weight in each group was 160 gm. One group continued to receive 
the basal Diet 672-B, while the chicks in the other group were given Diet 


TaB_e III 


Pailure of Added Lysine, Histidine, and Methionine or Biotin to Improve Growth of 
Chicks Fed Basal Diet 672-B (Experiment 2a) 


Average gain in 
Treatment | No. of chicks weight during 2 wks. 
of treatment* 


gm. 

Biotin (5 y per day)f. . 4 59 
Lysine (250 mg. per day) + histidine (50 mg. per 

day) + methionine (250 mg. per day)T......... 5 46 


*Treatment was started after the chicks had received basal Diet 672-B for 4 
weeks. 
t Administered orally by pipette. 


672-B plus 10 per cent crude casein. These treatments were maintained 
for 3 weeks. At the end of the 3 week period only one chick remained 
ilive in the basal group, while four were still alive in the group receiving 
casein. The chick which died in the latter group was in poor condition 
when the casein feeding was started. The weight of the surviving chick 
in the control lot was 280 gm. On the other hand, the average weight 
of the chicks receiving casein was 402 gm. Although these chicks were 
till small for the age of 9 weeks, they were in excellent condition. Thus, 
while the administration of additional lysine, histidine, and methionine 
or biotin failed to cause any improvement in growth of the chicks on basal 
Diet 672-B, and the addition of 2 per cent fish-meal to this diet had no 
diect upon either growth or hemoglobin, the addition of a source of factor 
8 produced a marked improvement in growth and viability in chicks on 
this diet. Therefore, this appears to be evidence that the poor growth 








268 STREPOGENIN AND FACTOR § 


and mortality obtained in chicks on basal Diet 672-B are primarily due to 
the deficiency of factor 8. 

Experiment 8—In order to show more conclusively that basal Diet 672 
is not deficient in amino acids, an experiment was conducted in which 
the amino acids in question were supplied by means of sources of protein 
which had not been subjected to drastic heat treatment. This was ge. 
complished by including 10 per cent of fish-meal along with the gelatip 
and autoclaved egg albumen in Diet 672. 

It was found in Experiment 2 that 2 per cent of this fish-meal was 
ineffective in promoting growth of chicks on Diet 672-B. Analysis of 
the fish-meal for strepogenin showed that at the 10 per cent level this 
material supplies only as much strepogenin as would be supplied by 45 
per cent dried brewers’ yeast. Since 10 per cent yeast did not promote 
maximum growth on Diets 672 or 672-B in the two previous experiments, 
the addition of 10 per cent fish-meal to Diet 672 provided a diet which was 
still deficient in factor S. Fish-meal, at this level, together with the 10 
per cent gelatin already present in Diet 672, supplied sufficient lysine 
and histidine to meet the minimum requirements of the chick, as set forth 
by Almquist (14), as well as substantial amounts of all the other essential 
amino acids. The addition of this amount of fish-meal also improved 
the basal diet by assuring a more nearly adequate level of the “animal 
protein factor (s)”’ in the diet. The biotin level in this diet was increased 
to 30 y of biotin per 100 gm. of diet. 

This diet, which was called Diet 672-FM (Table I), was fed alone and 
together with supplements of crude casein, dried brewers’ yeast, and 
factor S concentrate from dried brewers’ yeast. One lot of chicks received 
basal Diet 672-B in order to make it possible to relate the results of this 
experiment with the results of Experiments 1 and 2. The chicks used in 
this experiment were single comb white Leghorns of mixed sex. The 
day-old chicks were distributed in such a way that each lot contained 
eight male and seven female chicks. The results of this experiment at 4 
weeks are presented in Table II, Experiment 3. 

These results show that Diet 672-FM produced an increase in chick 
growth of 87 gm. over that of Diet 672-B. The addition of factor $ 
concentrate to Diet 672-FM, at a level derived from 10 per cent of original 
yeast, resulted in an increase in chick weight of 143 gm. over that of Diet 
672-B. 10 per cent dried brewers’ yeast added to Diet 672-FM promoted 
an increase in chick weight of 190 gm., while 10 per cent casein promoted 
an increase in growth of 229 gm. over that of the chicks on basal Diet 
672-B at 4 weeks of age. On this diet, the casein produced an excellent 
rate of gain in the chicks. While the average weight of these chicks of 
mixed sex was 311 gm., the average weight of the eight male chicks im 
this lot was 341 gm., which is a rate of gain almost equal to that observed 
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in Experiment 1 in the chicks receiving the liver meal Diet 674 plus 10 
cent casein. 

From these results it appeared that the weight gains were correlated 
with the strepogenin content of the various diets. To show this a curve 
yas plotted, relating the gm. of gain over the control group of chicks to 
the strepogenin content of the various diets fed to the chicks. This 
aurve is presented in Fig. 1. It is apparent that the gain in chick weight 
over the control lot is approximately a straight line function of the strepo- 
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STREPOGENIN CONTENT OF DIETS 
MG. UNITS PER 1006. * 
Fic. 1. The relationship of gains in chick weight to strepogenin content of various 
diets. *Potencies are related to the strepogenin content of dried brewers’ yeast 
which has been assigned a value of 1000 mg. units per gm. 


genin content of the diets up to a level of 12,000 mg. units of strepogenin 
pr 100 gm. of diet. From this point, the slope of the curve begins to 
level off and approaches a plateau at 28,000 mg. units per 100 gm. of diet. 
Thus it appears that a level of 28,000 mg. units per 100 gm. of diet, 7.e. 
the amount of strepogenin or factor S which would be supplied by 28 
per cent dried brewers’ yeast, is sufficient to satisfy the minimum factor 
S$ requirement of the chick. 


DISCUSSION 


From the data presented in this report it is evident that factor S is of 
primary importance in the nutrition of the chick. On a factor S-deficient 








270 STREPOGENIN AND FACTOR S 


diet chicks fail to grow, become anemic, show a general weakened condj- 
tion, and usually die before they are 8 weeks of age. 

The data presented here also show that the factor S activity for the 
chick, of widely different natural materials, is related to the strepogenin 
content of these materials, as determined microbiologically with Laeto. 
bacillus casei. Until one of these factors has been isolated in crystalline 
form, it will be impossible to say definitely that strepogenin and factor § 
are identical. However, the evidence strongly indicates that this is true. 

Woolley (6) has reported that mice fed a purified diet free of strepogenin 
show a considerably slower rate of growth than those receiving a similar 
diet supplemented with a source of strepogenin. He has reported that 
a deficiency of the growth-stimulating substance did not lead to complete 
failure of growth or to death of the mice, and that all mice fed the basal 
diets eventually reached mature size. The deficiency disease reported 
here for the chick appears to be more severe than that observed in mice 
by Woolley. 

It is apparent from a study of the results obtained in Experiments |, 
2, and 3 that basal Diet 672 is deficient not only in factor 8 but in the 
“animal protein factor (s)” as well. When Diet 672 was supplemented 
with 10 per cent of fish-meal to form Diet 672-FM, both 10 per cent dried 
brewers’ yeast and 10 per cent casein were found to give greater responses 
than when these supplements were added to Diet 672. This increased 
growth was even greater than it appeared in the average weights, since 
approximately one-half of the chicks in each lot in Experiment 3 were 
females, which normally grow at a slower rate than males, while the chicks 
used in the first two experiments were males. Furthermore, since the 
average weight of the chicks on basal Diet 673, containing lactalbumin, 
was approximately equal to that of the chicks on basal Diet 674, containing 
liver meal, and yet the addition of 10 per cent casein to Diet 673 did not 
produce an average weight as high as that observed when it was added 
to Diet 674, there must be some factor other than factor S present in 
the liver meal which acted to supplement the growth-promoting activity 
of the factor S in the casein. 

Scott, Norris, and Heuser (4) have reported that under certain conditions 
Lactobacillus casei requires a factor found to be present in liver, fish prod- 
ucts, and dried whey. Sufficient evidence has not yet been obtained to 
relate this bacterial factor definitely with an “animal protein factor” 
required by chicks, although similar properties and distribution in natural 
materials thus far make it appear that such a relationship is possible. 
The results of Experiment 2 showed that the addition of dried brewers’ 
yeast to basal Diet 672-B promoted a marked improvement in growth 
and produced hemoglobin levels which were approximately normal. On 




























































in 


SsearTescs f& 


os 





condi- 


or the 


talline 
ctor § 
} true. 
enin 
milar 
| that 
iplete 


orted 


its I, 
1 the 
nted 
lried 
mses 
asec] 
since 
were 
Licks 

the 
min, 
ning 

not 


t mn 
vity 


ons 











SCOTT, NORRIS, AND HEUSER 271 


the other hand, the addition of a fish-meal known to be rich in “animal 
protein factor (s)” had no effect upon growth and hemoglobin levels. 
Furthermore, the addition of 5 times this amount of the fish-meal to Diet 
672 in Experiment 3 resulted only in a partial growth and hemoglobin 
response, which could be entirely attributed to the strepogenin content of 
the fish-meal. While dried brewers’ yeast, at the 10 per cent level, pro- 
moted a marked increase in growth of chicks on Diets 672 and 672-B, 
it produced an even greater response when added to Diet 672-FM. These 
results demonstrate that factor S and the ‘animal protein factor (s)”’ are 
distinct substances. 

The mortality in the basal lots of chicks in Experiments 2 and 3 was 
not as great as it was in the basal lot in Experiment 1. It might appear 
that this difference in mortality is related to the difference in biotin content 
of these diets. However, it was found in Experiments 2a and 2b that 
all of the chicks, except one, which received Diet 672-B without addition 
of factor S, died before they were 8 weeks of age, while four of the five 
chicks which received factor S (from crude casein) in Experiment 2b 
lived and appeared in excellent condition at 9 weeks of age. Furthermore, 
the crude casein used in these experiments was found to contain only 
0.04 y of biotin per gm. Thus, even at a level of 10 per cent in the diet, 
the crude casein supplied a negligible amount of biotin, making it evident 
that a biotin deficiency was not the cause of the mortality observed in the 
chicks on basal Diet 672. In fact, even as little as 2.2 per cent crude 
casein prevented chick mortality when added to this diet in Experiment 1. 


SUMMARY 


The data presented in this report demonstrate that factor S is of primary 
importance in the nutrition of the chick. On a factor S-deficient diet 
chicks fail to grow, become anemic, show a general weakened condition, 
and usually die before they are 8 weeks of age. 

The data presented here also show that the factor S activity for the 
chick, of widely different natural materials, is related to the strepogenin 
content of these materials, as determined microbiologically with Lacto- 
bacillus casei. At suboptimum levels of factor 8S this relationship is a 
straight line function. Thus, the evidence strongly indicates that strepo- 
genin is identical with factor S. 


We wish to thank Dr. T. H. Jukes of the Lederle Laboratories, Inc., 
Pearl River, New York, for the synthetic folic acid and the choline chloride, 
and Mr. E. A. Webb of Anheuser-Busch, Inc., St. Louis,’ Missouri, for 
the dried brewers’ yeast. 
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16-SUBSTITUTED STEROIDS 
Il. 16-KETOESTRONE-3-METHYL ETHER 


By MAX N. HUFFMAN* 
(From the United States Standard Products Company, Woodworth, Wisconsin) t 


(Received for publication, October 28, 1946) 


In 1938 Marrian (1) advanced the interesting speculation that a-estradiol 
is transformed in vivo to 16-ketoestrone in a three-stage dehydrogenation. 
He furthermore predicted that 16-ketoestrone would prove to be one of the 
main products of simultaneous estrogen and progesterone metabolism. As 
a consequence of this prediction 16-ketoestrone has become of considerable 
interest to both physiologist and chemist. This compound is also of interest 
in that it may theoretically serve as a starting point for the preparation of 
the four possible epimeric estriols which possess the unaltered A!: *: °-estra- 
triene nucleus. 

The partial synthesis of 16-ketoestrone (as the methyl ether) (III) was 
announced (2) in 1942. At that time only a small amount of dione was 
obtained, for the method of preparation then employed gave a very low 
yield and the cost of the starting material (estrone) was high, so that a 
really rigorous purification as well as a satisfying characterization could not 
be achieved. A procedure has now been developed for the preparation of 
16-ketoestrone-3-methyl ether in over-all yields greater than 30 per cent. 
A characterization has been carried out which, together with the method of 
synthesis, establishes unequivocally the a-diketonic nature of the product. 

In the new process 16-oximinoestrone-3-methyl ether is treated with 
sodium bisulfite by a modification of the method used by Lapworth and 
Chapman (3) for the preparation of camphorquinone from isonitroso cam- 
phor; acid hydrolysis of the resulting water-soluble steroidal product gives 
the desired a-diketone in 55 per cent yield. 

16-Ketoestrone-3-methy] ether, as was to be expected, is yellow in color; 
it readily forms with sodium bisulfite a white addition compound soluble in 
water. From a colorless solution of the bisulfite addition compound the 
yellow a-diketone may be regenerated easily by acidifying and heating. 
In fact, only by utilization of this procedure could pure dione be obtained. 


* Present address, Department of Biochemistry, Southwestern Medical College, 
Dallas, Texas. 

t Aportion of the experimentation described in this publication was done while the 
author was a National Research Fellow in the Medical Sciences (1941-42) at the 
Department of Biochemistry, College of Physicians and Surgeons, Columbia 
University. 
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For characterization the dioxime, the dimethoxime, and the mono-p-nityp. 
phenylhydrazone were prepared. Attempts to form the quinoxaline (with 
o-phenylenediamine), the bissemicarbazone, and the bisdinitrophenylhy. 
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drazone failed. The dioxime formed directly from the dione and that from 
the 16-oximino derivative (II) are identical. 

In solution 16-ketoestrone is apparently not very stable. Working with 
the original sample in New York, Dr. Hugh H. Darby found that the spee- 
trum of the compound in cyclohexane changed so rapidly that a reading was 
impracticable. 

Reduction of yellow 16-ketoestrone-3-methy] ether with zinc dust or with 
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titanium trichloride yielded a white ketol (IV or V). Oximation of this 
ketol with a large excess of hydroxylamine produced only a monoxime. 

With concentrated sulfuric acid 16-ketoestrone-3-methyl ether gives an 
intense violet color. No color is produced with ferric chloride. The failure 

to give a color reaction with ferric chloride was an unexpected result; it is 
probably attributable to the failure of the carbonyl at steroid position 16 
toenolize as a result of the strained condition of ring D imposed by the trans 
configuration of the C-D ring fusion. The compound synthesized by Dane 
and Schmitt (4, 5) by the Diels-Alder reaction and possessing the structure 
VI or VII gave a positive ferric chloride test readily. However, in com- 
pound VI (or VII) the C-D ring fusion is probably of the cis configuration. 
In this connection it is noteworthy that, in the total synthesis of equilenin 
homologues, Bachmann and Holmes (6) found that representatives of the 
a-(isoequilenin) series of structure VIII gave a deep blue color with ferric 
chloride, whereas representatives of the 8-(equilenin) series of VIII gave 
little or no color. 

Dimroth and Jonsson (7), working with the fragment 1X from the degra- 
dation of vitamin De, obtained results indicating that the more stable C-D 
ring fusion of this fragment was not the one occurring naturally. They 
believed the configuration of the unstable, naturally occurring C-D ring 
fusion to be trans and that of the stable one, which could be readily obtained 
by isomerization, to be cis. 

It seems likely that the geometric arrangement of the C-D ring fusion in 
the naturally occurring steroids could be decided by a rigorous comparison 
of the properties of cis- and trans-8-methylhydrindanedione-1 ,2 (of indis- 
putably established structure) with the properties of 16-ketoisoequilenin 
and 16-ketoequilenin. 


EXPERIMENTAL! 


Methylation of Estrone—Estrone-3-methyl ether was prepared in a 
fashion similar to that of Butenandt et al. (8). For every 0.50 gm. of es- 
trone (I), 100 cc. of 30 per cent potassium hydroxide and 20 ce. of Gmothy! 
sulfate were employed. The yield was nearly quantitative. 

16-Oximinoestrone-3-M ethyl Ether (I1I)—This derivative was made by the 
method of Litvan and Robinson (9), who reported a melting point of 161— 
162°, with decomposition. In our hands the crude product melted at 158- 
160.5°, with decomposition, but on rigorous purification, involving treatments 
with charcoal and repeated recrystallizations from aqueous methanol, nearly 
colorless needles were obtained which melted at 180-183°, with decomposi- 
tion. Our yields, however, were never as high as those of the English 


‘All melting points reported are uncorrected. 
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authors, the crude product amounting to about 75 per cent of the theoreti. 
cal. 
Analysis—Sample dried over phosphorus pentoxide at 110° in vacuo 


C,,H0;N. Calculated. CH,O, 9.90, N 4.47 
Found. ” 9.81, ‘* 4.51 


Oximation of 16-Oximinoestrone-3-Methyl Ether—A solution of 55 mg. of 
hydroxylamine hydrochloride and 110 mg. of crystalline sodium acetate in 
10 ce. of alcohol plus 1.0 ec. of water was added to 103 mg. of 16-oximino 
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derivative (II) and the resulting solution refluxed on the steam bath for 14 
hours. Water (20 cc.) was then added and ebullition allowed to continue 
until the alcohol had largely distilled off. The yield was nearly quantite- 
tive. The dioxime was almost insoluble in ethanol or ethy] acetate, but it 
could be dissolved in hot butanol, from which it was recrystallized after 
treatment with charcoal. The white crystals melted at 230° with decom- 
position and evolution of gas. 


Analysis—C,;,H»O;N2. Calculated, N 8.53; found, N 8.50 
The dioxime gives a yellowish green color reaction with alcoholic cupric 


acetate. On partition between dilute alcohol and chloroform, the colored 
complex passes into the latter solvent (2). 
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Reduction of 16-Oximoestrone-3-Methyl Ether with Zine and Acetic Acid— 
This reduction was carried out in the manner previously described (10, 11) 
for the free phenol. A pale yellow oil is obtained in over 90 per cent yield; 
this oi! consists in a mixture of isomeric a-ketols. Such a mixture was 
employed directly in the next experiment. 

Oxidation of a-Ketol Mixture with Copper Acetate—The neutral oil result- 
ing from the zinc-acetic acid reduction of 300 mg. of 16-oximinoestrone-3- 
methyl ether was dissolved in 30 cc. of methanol, and 2.0 gm. of cupric 
acetate (Merck, analytical reagent) were added. The mixture was refluxed 
for 1 hour on the steam bath (precipitation of cuprous oxide occurred), left 
overnight at room temperature, transferred to a separatory funnel contain- 
ing 300 ec. of ethy] ether and 300 cc. of 0.5 N hydrochloric acid, shaken, and 
separated. The ether phase was extracted successively with dilute hydro- 
chloric acid, with dilute bicarbonate, and with water. Evaporation of the 
ether yielded a yellow crystalline residue which could not be successfully 
purified by fractional crystallization. This impure a-diketonic product 
was consequently purified by shaking an ethereal solution with 1 per cent 
sodium bisulfite (three times with 0.33 volumes). Enough hydrochloric 
acid was then added to the combined bisulfite washings to make them 0.5 
to 0.75 N in acid, and the acidified solution heated on the steam bath for 
30 minutes, whereupon a fine yellow precipitate separated. On being 
cooled to room temperature, this precipitate was filtered and washed 
copiously with water. When dry, it weighed 35 mg. and melted at 176- 
178° with previous shrinking (III). 


Analysis—C,,H2,0;. Calculated, C 76.48, H 7.43; found, C 75.67, H 7.48 


16-Ketoestrone-3-Methyl Ether Dioxime—aA solution of 33 mg. of hy- 
droxylamine hydrochloride and 33 mg. of crystalline sodium acetate in 
4.5 ec. of alcohol plus 0.5 cc. of water was added to 21 mg. of the dione 
(III) obtained in the preceding experiment. The solution was allowed to 
stand for 2 hours, and the white crystals which separated were filtered and 
washed well with water. After recrystallization from butanol with the 
aid of charcoal, the dioxime decomposed at 229° with evolution of gas. 
A mixture of this dioxime and that prepared by the direct oximation of 
16-oximino compound also decomposed at 229°. Both preparations gave 
the same color reaction with cupric ion. 

Reaction of 16-Oximinoestrone-3-Methyl Ether with Bisulfite Followed by 
Acid Hydrolysis*-—To 597 mg. of 16-oximino derivative (m.p. 180—-183.5°, 
with decomposition) in a small round bottom flask 6.0 gm. of anhydrous 


* This and all subsequent experiments described in this publication were conducted 
at Woodworth, Wisconsin. Microanalyses are by Dr. E. W. D. Huffman, Denver. 
All experiments preceding this were performed at New York, with microanalyses by 
Mr. William Saschek. 
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sodium sulfite were added. The mixture was covered with 24 ce. of acetic 
acid and heated on the steam bath for 15 minutes or until the evolution g 
gas had practically ceased. Then 6.0 ec. of water were added and heating 
continued without interruption for 45 minutes longer. The contents of 
the flask were cooled and transferred to a separatory funnel contain; 

250 cc. of 3 per cent sodium bisulfite and 200 cc. of ethyl ether (aleohg. 
and peroxide-free). The aqueous phase, after a thorough shaking with the 
ether, was separated and saved; the ether was further extracted with} 


per cent bisulfite, once with 120 cc. and once with 70 cc. portions. Thy | 


combined bisulfite fractions were acidified with concentrated hydrochlorg 
acid (60 cc.), heated on the steam bath for a period of 25 to 30 minutes with 
frequent swirlings, and cooled overnight in the ice box. The pale orang 
crystals were filtered, washed well with water, and dried in vacuo. Yield, 
322 mg. (56 to 57 percent). Of this material 101 mg. were purified through 
the bisulfite addition compound; 64 mg. of tiny yellow crystals resulted, 
These melted at 177—178° after shrinking (III). 


Analysis—C,,H2O;. Calculated. C 76.48, H 7.43 
Found. (a) ‘* 76.33, ‘‘ 7.47 
oo ~ tea. 48 


The purified dione (III) gives an intense violet color with concentrated 
sulfuric acid. It gives no color reaction with alcoholic ferric chloride. 

The dioxime (obtained as tiny white needles) from another portion of 
the crude dione melted at 230-232° with decomposition and evolution d 
gas. It gave the typical greenish yellow color with cupric ion, the copper 
complex being extractable from dilute ethanol with chloroform. 


Analysis—C,,>H2O3N2. Calculated. N 8.53 
Found. (a) ‘** 8.50 
(b) ** 8.59 


16-Ketoestrone-3-Methyl Ether p-Nitrophenylhydrazone—To 100 mg. 
the methoxydione (m.p. 176—-178°) (III) and 63 mg. of p-nitrophenyl 
hydrazine hydrochloride 10 cc. of ethanol were added and the mixtur 
warmed on the steam bath to effect solution. Soon hydrazone precipits- 
tion commenced; the mixture was warmed for 15 minutes more and thet 
left several days at room temperature. After filtration and washing with 
ethanol 111 mg. of crude hydrazone were obtained; this was treated with 
charcoal and recrystallized from ethyl acetate to give 72 mg. of material 
which decomposed at 253-255°. Two recrystallizations from chloroform 
ethanol gave 60 mg. of canary yellow crystals which decomposed at 25/- 
259° after softening at 250°. 
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Analysis—C2sH27OWNs. Calculated. N 9.69 
Found. (a) “ 9.53 
(b) “* 9.59 


16-Ketoestrone-3-M ethyl Ether Dimethoxime—A mixture of 67 mg. of the 
methoxydione (III), 75 mg. of O-methylhydroxylamine hydrochloride, and 
134 mg. of crystalline sodium acetate were covered with 5.0 cc. of ethanol 
0.5 ec. of water. All ingredients dissolved at room temperature, and 


' st the end of 2 hours reaction a bulky white precipitate had occurred. 


The mixture was refluxed mildly on the steam bath for 1 hour, cooled, and 
placed in the ice box. After 24 hours the dimethoxime was filtered and 
washed with 75 per cent methanol. It was crystallized once from ethanol 
and finally from chloroform-ethanol to give 59 mg. of small, flat needles 
with a faint yellow color. These decomposed at 231-233° after pre- 


vious softening. 
Analysis—C2,H2»O3;N2. Calculated. N 7. 


7.86 
Found. (a) ‘ 7.84 
(b) ‘* 7.77 


Reduction of 16-Ketoestrone-3-Methyl Ether with Titanium Trichloride—A 
solution of 5 cc. of titanous chloride (20 per cent) and 5 cc. of acetic acid 
was added to 96 mg. of dione methy] ether (III), and the resulting solution 
swirled on the steam bath for 30 minutes. The purple solution was allowed 
to cool during 2 hours and then distributed between ether and water. 
The orchid-colored aqueous layer was separated and the ether washed 
successively with water, dilute sodium carbonate, and water. Evapora- 
tion of the ether yielded glassy crystals in rosettes. These crystals were 
treated with charcoal in aqueous methanol and recrystallized once from 
aqueous acetone, once from cyclohexane, and twice from aqueous ethanol. 
The yield of a-ketol was 50 mg. of small, waxy flakes melting at 162-163* 
with slight yellowing (IV or V). 


Analysis—C,,H2,O;. Calculated. C 75.97, H 8.05 
Found. (a) ‘“ 75.91, “‘ 8.06 
(b) ** 75.91, “* 8.08 


A repetition of this experiment, in which aqueous methanol was the 
final solvent for recrystallization, gave the ketol as fine needles, m.p. 
162-163°. 

Oximation of a-Ketol Produced by Titanium Trichloride Reduction—To 
37 mg. of a-ketol (m.p. 161.5-162°), obtained as described in the preceding 
experiment, 60 mg. of hydroxylamine hydrochloride (about 7 equivalents) 
and 120 mg. of crystalline sodium acetate were added. The whole was 
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dissolved in 9.0 cc. of ethanol plus 1.0 cc. of water and refluxed Vigorously 
for 2 hours. Without interruption of boiling, 12 cc. of water were added, 
and the ethanol distilled off until the oxime had commenced to crystallize 
richly from the reaction mixture. After 2 days at room temperatup 
the oxime was collected, washed well with water, and dried in the desiceatg 
(36 mg.). After two treatments with charcoal and two recrystallization 
from aqueous methanol, 26 mg. of microscopic white crystals were obtained 
which decomposed at 198.5-199.5°. 


Analysis—C,gH2;0;N. Calculated. N 4.44 
Found. (a) ‘* 4.35 
(b) “ 4.47 


Reduction of 16-Ketoestrone-3-Methyl Ether with Zinc and Acetic Acid—Tp 
99 mg. of dione (III) 10 ce. of 50 per cent acetic acid and 0.20 gm. of zin 
dust were added, and the mixture heated on the steam bath with stirring 
During the course of 40 minutes heating, small spatula tips of zine dust 
were occasionally added. The cooled solution was then rinsed free of 
zinc with ethyl ether and the ethereal solution washed successively with 
water, 3 per cent sodium bisulfite, 5 per cent sodium bicarbonate, and with 
three portions of water. Evaporation of the ether gave nice glassy crystals 
with only faint color. They were treated with charcoal and recrystallized 
from aqueous methanol. Yield, 82 mg. of fine silky needles melting at 
162-163° (IV or V). These needles showed no depression of melting 
point when mixed with the a-ketol obtained from titanium trichloride 
reduction, and they gave a monoxime identical with that described in the 
preceding section. 


SUMMARY 


The partial synthesis of 16-ketoestrone (as the methyl] ether) has been 
described. 16-Ketoestrone-3-methy] ether is yellow in color and melts at 
177-178°. It was characterized as the dioxime, dimethoxime, and p 
nitrophenylhydrazone. The a-diketone fails to give a color reaction with 
ferric chloride; the probable reason for this failure is discussed. 

On reduction with zinc and acetic acid or with titanium trichloride 
16-ketoestrone-3-methyl ether yields an a-ketol which is the 3-methyl 
ether of 16-ketoestradiol or of 16-hydroxyestrone. This a-ketol is while 
in color, melts at 162—163°, and gives only a monoxime. 


The author wishes to express his appreciation to Mr. William Saschek 
for a portion of the microanalyses reported in this paper. To Professor 
Hans T. Clarke, who furnished facilities for a part of this research and 
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who gave unstintingly of his advice and encouragement, the author is 
especially indebted. 
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sOME METABOLIC EFFECTS PRODUCED BY LARGE DOSES OF 
DI-8-CHLOROETHYL SULFIDE IN RATS 


By SIMON BLACK anp JOHN F. THOMSON* 


(From the University of Chicago Toxicity Laboratoryt and the Department of 
Pharmacology, University of Chicago, Chicago) 


(Received for publication, September 16, 1946) 


Although several enzymes concerned in carbohydrate metabolism have 
heen found quite sensitive to inhibition by di-8-chloroethy] sulfide (mus- 
tard gas), it has not been possible to relate either the local or the systemic 
toxic effects of this compound to its effect upon these enzymes (1). The 
present study was undertaken to determine whether a very large dose of 
this compound could produce in vivo effects which might be related to its 
inhibitory effects in vitro. The dose employed caused normal adult rats 
to die 2 to 3 hours after poisoning. Analyses of blood and plasma at 30 
or 60 minute intervals after poisoning revealed a high hematocrit value, 
and high concentrations of glucose, lactic acid, non-protein nitrogen, 
and inorganic phosphorus. This picture is typical of severe anoxia and 
does not constitute evidence of any effect on carbohydrate metabolism 
other than might be due to a mustard-induced anoxic condition. 

To determine whether any other than anoxic effects were produced by 
the poison, perfusion experiments were performed on the hind quarters of 
normal and poisoned rats. The rate of glucose utilization, in these tests, 
was identical in the tissues of poisoned animals and in those of unpoisoned 
controls. Also, no difference was found in the amount of non-protein 
nitrogen or amino acid nitrogen yielded to the perfusion fluid. Lactic 
acid formation, however, was about 25 per cent less in the poisoned tissue. 


EXPERIMENTAL 


Animals—Rats weighing approximately 200 gm. of both the Sprague- 
Dawley and Maguran strains were used. 

Blood and Tissue Samples—1 cc. blood samples were drawn from the 
heart while the animal was under ether anesthesia. When liver and muscle 
samples for glycogen determinations were taken, this was done immediately 
after the blood sample was drawn. A small liver sample was removed with 
scissors and the abdominal cavity closed immediately with a hemostat. 
A part of the quadriceps femoris muscle of one leg was used, the second 


*With technical assistance by Dr. B. B. Blivaiss and Mrs. Harriet S. Morrel. 
t This work was done under contract with the Medical Division of the Chemical 
Warfare Service. 
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muscle sample being taken from the opposite member. Mustard! goly. 
tion in propylene glycol was injected immediately after the sampling 
procedures. Second samples were taken 30 or 60 minutes later, ag jp. 
dicated in Tables I and IIT, 

Analyses—The blood samples were discharged into small tubes (5 mm 
internal diameter) containing 1 cc. of 0.1 per cent heparin in 0.9 per cent 
saline. After centrifugation and calculation of the hematocrit, the diluted 
plasma was drawn off with a fine pipette and suitable filtrates were made 
for subsequent analysis. Perfusion fluid was analyzed by the same meth. 
ods as those used for plasma. The tissue samples were frozen immed. 
ately with solid carbon dioxide, and glycogen was then determined by the 
method of Blatherwick et al. (2). Plasma glucose was determined by 
Nelson’s modification of the Somogyi method (3), lactic acid by the method 
of Barker and Summerson (4), and amino acid nitrogen by Folin’s method 
(5). Urea, total protein, and non-protein nitrogen were determined by 
methods described by Koch ((6), pp. 123, 127, and 119). Inorganic phos. 
phorus was determined by the Fiske and Subbarow method (7). 

Perfusion—The tissues which comprise the hind quarters of the mt 
and account for 35 to 40 per cent of the body weight were perfused. The 
animal was anesthetized with 40 mg. per kilo of nembutal intraper- 
toneally. A large ventral incision was made and the aorta dissected free 
from surrounding tissue in the region just posterior to the kidneys. The 
iliolumbar vessels were ligated so that the perfusion liquid would be 
forced through all the tissue and would not be “short circuited” through 
these vessels. After the aorta was ligated just below the point of braneb- 
ing of the renal arteries, a cannula, connected by rubber tubing to ar 
servoir of perfusion fluid, was inserted below the ligature and the fluid was 
allowed to flow into the artery. Immediately after the beginning of per- 
fusion (zero time) the body of the rat was completely severed posterior 
to the kidneys with scissors, and the hind quarters were suspended by the 
legs so that the perfusion fluid could be collected in a small beaker as it 
dripped from the severed vena cava and other smaller vessels. The 
perfusate collected during the first 5 minutes was discarded. Following 
this equilibration period the collected fluid was poured back into the r 
servoir and thus continually recirculated. The total volume of fluid used 
for continuous recirculation was always 75 cc. Small samples were taken 
for analyses at the time recirculation of the fluid began, and at intervals 
thereafter. 

Perfusion Fluid—The perfusion fluid was unoxygenated mammalia 
Ringer’s solution (8) containing 5 per cent of gelatin and 0.01 m phosphate 


1 M.p. 14.0°. 
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buffer (pH 7.4). Glucose was added to the fluid to give a concentration 
of 100 mg. per cent when normal animals were used and 200 mg. per cent 
with poisoned animals. The different glucose concentrations were used 
because the concentrations in the plasmas of normal and poisoned animals 
were thus most nearly approximated, and rapid equilibration with the 
tissues was therefore possible. Several preliminary experiments showed 
that the rate of glucose uptake was not a function of its concentration over 
this range. 

Perfusion Pressure and Flow Rate—The initial pressure was 122 cm. of 
the liquid. However, this was varied frequently during each experiment 
by raising or lowering the reservoir in order to maintain the flow rate at 
6 to 8 ce. per minute. 

Perfusion Temperature—Before entering the arterial cannula the fluid 
was circulated through a glass coil which was immersed in a water bath 
with a temperature of 38 to 40°. The coil was connected to the cannula 
by a 6 in. length of small gage rubber tubing. The temperature of the 
fuid as it entered the tissue was 37-38°. 


RESULTS AND DISCUSSION 


Survival Time—Normal, fasted, and cortin-supplemented adrenalec- 
tomized rats died within 2 to 3 hours after poisoning. Adrenalectomized 
rats which were maintained on salt or had received no therapy survived 
only about one-half this time. 

Hematocrit and Plasma Protein—The rapid rise of the hematocrit value 
(Tables I and II) and the simultaneous lowering of the plasma protein 
concentration (Table I) indicate that altered capillary permeability is an 
outstanding feature of this type of acute poisoning. 

Hyperglycemia—Plasma glucose values rose sharply after poisoning 
(Tables I and II) in fasted and cortin-supplemented adrenalectomized rats 
as well as in normal non-fasted rats. It should be especially noted that 
this hyperglycemia occurred despite a diminished liver glycogen value, 
and in the absence of the adrenal medulla. In fasted (liver glycogen- 
depleted) animals the hyperglycemia was accompanied by a much larger 
increase in plasma non-protein nitrogen, largely urea, than occurred in 
non-fasted animals. It appears, therefore, that the liver is stimulated to 
discharge a large amount of sugar into the blood, and that in the absence 
of sufficient glycogen protein serves as the source of this carbohydrate. 
The latter conclusion is further borne out by the absence of hyperglycemia 
in adrenalectomized animals receiving no cortin, for an adrenal cortical 
hormone is considered essential in the conversion of protein to carbo- 
hydrate (9). 

No evidence supporting the possibility that the hyperglycemia was due, 
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in part, to impaired utilization of glucose by peripheral tissue was provided 
by the perfusion experiments (Table III). Tissue from poisoned animals 
anaerobically, took up glucose from the perfusion fluid as rapidly as bons 
responding tissue from unpoisoned animals. A direct irreversible impair. 
ment of glucose utilization by tissue, therefore, could not be demonstrated. 
A reduced capacity to take up glucose could occur in vivo, however, through 
some endocrine (10) or other mechanism which would not be operative 
in this test. 


TaBLe I[* 


Blood Changes Produced in 1 Hour by Intraperi toneal Injection of 100 Mg. per Kilo of 
Di-8-chloroethyl Sulfidet into Rats 








Plasma analyses 
Preexperimental |No. of | Hema-| | co | Nop. | 
treatment of rats | rats | | tocrit! Gin iLactic| ganic am | Total 
| cose | acid | phos-| tein | Pt 
| phorus N ;= 





mg. | mg. | mg. | mg. 
per per | per per per 
cent | cent | cemt | cent | 





| 

per 
cent | 

| | 

| 


None | 7 | Initial value | 49 | 102) 9.3) 6.3) 58 70 


| | +2 | 411/43.9/40.4 411/206 
| 1 hr. after poisoning) 68 | 232! 19.9| 8.9) 92) 5.2 
| | 4 | £43/3.3/1.7] 2841.2 
Fasted 2 days | 4 | Initial value | 46; 129) 8.2) 0.8 57| 6.6 
| £3 | +25/4+1.341.0) +8404 
Lhr. after poisoning) 60 | 334| 16.1) 14.1) 931 53 
8) +15)40.6 














+3 | +53/+0.6'43.8 
Adrenalectomized ; 4 | Initial value 43 | 87) 5.5) 9.8) 60) 82 
maintained 1 wk. | +2) +8/4+0.341.2) 411/423 
with Upjohn’s hr. after poisoning 64 | 239) 16.4 14.0 114 72 
adrenal cortex ex- +4 +30+2.8+43.0 +19/41.2 
tract (0.2 ml. daily 
subcutaneously ) 





* The results are presented as median values with average deviations. 
t Given as a 10 per cent solution in propylene glycol. 





Other Blood and Tissue Changes, and Réle of Anoxia—The rapid hemo- 
concentration which follows acute poisoning must be accompanied by a 
increasingly severe anoxic condition. The increases in the plasma content 
of glucose, lactic acid, inorganic phosphorus, and non-protein nitroget 
and the decrease of liver and muscle glycogen (Tables I and II) must be 
anticipated as resulting from such anoxia (11). The fact that thes 
changes do occur is evidence that glycogenolysis, glyconeogenesis, and 
glycolysis can proceed in the presence of a large dose of mustard. In- 
hibition of these processes, therefore, cannot be detected in the intact 
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animal. A stimulatory effect cannot be assumed, for anoxia alone could 
account for the increase in the rate at which these processes occur. 

Non-Protein Nitrogen and Lactic Acid Formed by Perfused Tissues—tt 
is apparent from the data (Table III) that the large dose of mustard did 
not increase to a measurable extent the quantity of non-protein nitrogen 
or amino acid nitrogen which the tissues liberated under the anaerobic 
conditions of the experiment. 

Lactic acid production by the hind quarters of the poisoned animals was 
definitely lower than was observed in corresponding tissues of the controls 
a finding which may seem inconsistent with the fact that plasma lactie acid 
rises appreciably during poisoning. In the intact control animal, however, 
accumulation of lactic acid should be minimum because adequate oxygen 


TaB_e III* 
Results Obtained by Perfusion of Hind Quarters of Normal and Poisoned Rais 
Glucose uptake and lactic acid, non-protein nitrogen, and amino acid nitrogen 
output during a 25 minute period. 





, No. of | - *_ Lactic acid Non-protein | Aminoscd 
Experiment rats | Glucose uptake output N cctoat N coat 
mg. mez. me. me. 4 
Normal rats 6 144.24 1.3) 41.2 4+ 5.6) 2641.7) 2.2411 
Poisoned rats, 100 mg. | 8 14.2 + 1.7 | 30.0+ 3.7|3.0+4+1.9| 22409 


per kilo of di-8-chloro- 
ethyl sulfidet given | 
intraperitoneally ; 
perfusion begun 30 | 
min. after poisoning | 


* The results are presented as median values with average deviations. 
t Given as a 10 per cent solution in propylene glycol. 


reduces its production in peripheral tissues and accelerates its resynthesis 
to glycogen in the liver. In the tissues of the intact poisoned animal, 
because of the developing anoxia, glycolysis must occur to a greater extent 
than in the controls, even though their ultimate maximum capacity to 
glycolyze is less. In addition, accumulation should occur because the 
anoxic condition reduces the liver’s ability to dispose of lactic acid. 


SUMMARY 


1. Normal, fasted, and adrenalectomized adult rats were poisoned with 
a very large intraperitoneal dose of mustard gas. Death occurred 2 tod 
hours after poisoning, except in adrenalectomized animals unsupple- 
mented with cortin, which survived about one-half this time. 
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2. Hemoconcentration and a lowering of the plasma protein concentra- 
tion occurred after this large dose of mustard. 

3. Increases in the plasma content of glucose, lactic acid, inorganic phos- 
phorus, and non-protein nitrogen occurred after poisoning, and liver and 
muscle glycogen values fell. 

4. All of the carbohydrate changes in the poisoned animals may have 
been due to the anoxic condition which developed during poisoning. 
Therefore, none of the changes can be ascribed to a direct effect of the 
agent on any process involved in carbohydrate metabolism. 

5. The experiments indicate that in the intact animal a large dose of 
mustard does not measurably inhibit glycogenolysis, glyconeogenesis, 
or glycolysis. 

6. By perfusing the hind quarters of normal and di-8-chloroethy] sulfide- 
poisoned rats it was shown that the poison did not affect the ability of 
the tissues, under the anoxic conditions of the experiment, to utilize 


7. Tissue from normal and poisoned rats yielded about the same quan- 
tity of non-protein nitrogen and amino acid nitrogen to the perfusion 
liquid. 

8. Perfused tissue from poisoned rats produced about 25 per cent less 
lactic acid than corresponding tissue from normal rats. 
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LETTERS TO THE EDITORS 





CHEMICAL DETERMINATION OF NIACIN 


Sirs: 


Critical studies have been made in this laboratory on the cyanogen 
bromide-aniline method! for the determination of niacin. Our experience 
with the aniline method indicates that it lacks much which is desired from 
the standpoint of precise quantitative analysis. Investigations with pure 
nicotinic acid and nicotinamide were conducted to determine optimal 
conditions and factors modifying the reaction. Although various modi- 
fications resulted in considerable improvement, entirely satisfactory results 
could not be obtained. Various organic amines among those suggested 
by other workers (reviewed recently by Teeri and Shimer’) were tried with 
little success. 

While experimenting with various buffers in the aniline method, we found 
that the organic amine was not necessary for color formation when am- 
monia buffers were used. 

The canary-yellow color obtained by permitting nicotinic acid to react 
with eyanogen bromide and ammonia has a high extinction coefficient 
(E}2, in 4500 to 4600) with its wave-length maximum at 410 mp. The 
color reaches its highest intensity at 2 to 2.5 minutes, then fades rapidly. 

The reaction of nicotinamide with cyanogen bromide and ammonia is 
slower and of lower intensity. The wave-length maximum with the amide 
is at 398 my, reaching its highest intensity at 6 minutes, with a slightly 
lower E}%, value than the acid. Although the ammonia method may be 
applied directly to the determination of nicotinamide, it is more expedient, 
from the standpoint of speed and accuracy, to hydrolyze the amide to the 
wid. After hydrolysis of the amide (with concentrated HCl) the solution 
does not require neutralization or adjustment to an optimal pH value. 


‘Shaw, G. E., and McDonald, O. A., Quart. J. Pharm. and Pharmacol., 11, 380 
(1938). Swaminathan, M., Indian J. Med. Res., 26, 427 (1938). Pearson, P. B., 
J. Biol. Chem., 129, 491 (1939). Melnick, D., and Field, H., Jr., J. Biol. Chem., 
1M, 1 (1940); 135, 53 (1940). Lamb, F. W., Ind. and Eng. Chem., Anal. Ed., 15, 
ga Melnick, D., and Oser, B. L., Ind. and Eng. Chem., Anal. Ed., 15, 355 

). 
*Teeri, A. E., and Shimer, 8. R., J. Biol. Chem., 163, 307 (1944). 
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The analytical procedure with a pure system and the Beckman spec. 
trophotometer is as follows: An aqueous solution of nicotinic acid eop. 
taining 10 y per ml. is prepared by dilution. The optimal range of ¢gp. 
centration is 1 to 15 y per ml. Pipette a 1 ml. aliquot of the nicotinic agig 
solution into a 50 ml. beaker and add 2 ml. of ammonia buffer,’ followed 
by 5 ml. of 10 per cent cyanogen bromide solution.‘ Timing of the rp. 
action is started simultaneously with the addition of the cyanogen bro. 
mide reagent. A control solution or reagent blank is prepared in the same 
manner as the test solution with the exception that 1 ml. of water is added 
in place of 1 ml. of niacin solution. Swirl the reaction mixture to obtain 
good mixing; then fill the absorption cells (10 mm., Corex). Optical dep. 
sity readings are taken at 410 my in the 2 to 3 minute interval. The 
highest density is used for the calculations. If the solution contains only 
nicotinic acid, the density readings begin to decline at 2.5 minutes. _ If nie. 
otinamide is present (indicating incomplete hydrolysis), the density read. 
ings continue to increase after 3 minutes. 

Some of the advantages of the ammonia method for nicotinic acid are 
as follows: (1) higher sensitivity, (2) greater precision (+1 per cent with 
the Beckman spectrophotometer in a pure system), (3) pH factors are 
eliminated, (4) slight changes in salinity and dilution, which would cause 
considerable error in the aniline method, affect this reaction only slightly, 
(5) the time required to make an analysis is shorter than in previous 
methods. 

The application of the cyanogen bromide-ammonia reaction in the 
determination of nicotinic acid in pharmaceutical and biological materials 
will be described in a later communication. 

Thanks are due Dr. J. Pearson Stanley for his advice and criticism in the 
course of this investigation. 


Gelatin Products Corporation ALEXANDER MUELLER 
Deiroit Sereck H. Fox 
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’ The ammonia buffer is composed of 0.1 M ammonium hydroxide, 0.5 m dipotassium 
phosphate, and 2.0 mM ammonium chloride. This solution has been found to be 
stable for at least 1 month and is preferred over an ammonium hydroxide solution. 

‘The cyanogen bromide reagent is prepared by dissolving crystalline cyanogen 
bromide (Eastman Kodak) in distilled water. 
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THE EFFECT OF TRYPTOPHANE ON THE EXCRETION OF 
NICOTINIC ACID DERIVATIVES IN HUMANS* 


Sirs: 

It has been shown by Krehl e¢ al.! that tryptophane may replace nicotinic 
acid as a growth factor for rats receiving a corn diet. Rosen et al.? have 
demonstrated that the administration of tryptophane to rats increases the 
excretion of nicotinic acid derivatives. Experiments reported here with 
human subjects show that the administration of tryptophane leads to an 
increased excretion of N!-methylnicotinamide. After a control period, two 
adult females were maintained on a diet containing 190 gm. of degerminated 
corn-meal and grits per day for 18 days, followed by a similar period in 
which the corn was replaced by white unenriched flour. The respective 
diets provided 5.1 and 5.7 mg. of nicotinic acid, 38 and 43 gm. of protein, 
and 0.28 and 0.43 gm. of tryptophane per day (calculated). During the 
last 8 days of each diet, the subjects received 5 gm. of dl-tryptophane daily. 
There were no apparent changes in the excretion of nicotinic acid after the 


Daily Excretion of Nicotinic Acid Derivatives 



































Subject 1 | Subject 2 
Diet a ee 

| NA | NuMte | notl | NA | NuMe | Jotal 
mg. meg. mg. mes. mg. mg. 
Corn 1-10} 0.7, 0.6} 19.6 | 0.7} 1.1) 20.6 
“ +5 gm. dl-tryptophane | 11-12} 0.5) 1.5 | 19.8 0.8 4.0} 25.0 
daily 13-14 | 0.6) 5.3) B5| 0.7| 8.5) 26.5 
15-16 | 0.5| 7.0] 27.6| 0.7) 9.9] 29.6 
17-18 | 0.6) 6.6| 26.1| 0.7] 13.3| 30.0 
Wheat 27-28*| 0.7 1.4/ 16.0} 0.8| 2.5] 15.0 
“ +5gm.dl-tryptophane | 29-30 | 0.5 2.3] 16.7| 0.7 6.6) 19.6 
daily 31-32 | 0.7| 7.5| 21.9] 0.7| 10.1] 26.8 
33-34 | 0.7) 10.7! 23.4/| 0.6| 13.5| 26.0 
35-36 | 0.6 11.3| 25.1| 0.6) 13.8) 26.1 











Nicotinic acid (NA) was assayed microbiologically (Krehl, W. A., Strong, F. M., 
and Elvehjem, C. A., Ind. and Eng. Chem., Anal. Ed., 15, 471 (1943)); N'-methylni- 
cotinamide (N'-Me) fluorometrically (see foot-note 3); total N'-methyl derivatives 
of nicotinic acid chemically (see foot-note 4). 

* Data are given for days 27 to 28 only, since there was a decline in the excretion 
of N'-Me during the first 10 days on the wheat diet. 





* This work was aided by grants from the Williams-Waterman Fund, the United 
States Public Health Service, and the Nutrition Foundation, Inc. 
'Krehl, W. A., Teply, L. J., Sarma, P. 8., and Elvehjem, C. A., Science, 101, 489 
1945). 

*xRosen, F.. Huff, J. W., and Perlzweig, W. A., J. Biol. Chem., 163, 343 (1946). 
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addition of extra tryptophane, but on both diets there were large increases 
in the excretion of N'-methylnicotinamide. The latter was determined 
fluorometrically* and checked by the measurement of total N-methy 
derivatives of nicotinic acid.‘ The increased excretion of total N-methy| 
derivatives roughly parallels the additional excretion of N'-methylnicotip. 
amide. Without the tryptophane supplement there was a lower excretion 
of N'-methylnicotinamide on the corn diet than on the wheat diet. This 
may be due to the lower tryptophane content of corn, to an agent in com 
which inhibits the use of tryptophane as a precursor of nicotinic acid,} or tg 
a combination of these factors. 

The present experiments indicate that tryptophane may be an important 
precursor of nicotinic acid in the human as well as the rat? and may explain 
the antipellagragenic activity of certain foods such as milk which are low 
in nicotinic acid but rich in good protein. 


Departments of Biochemistry and Medicine Herpert P. Sarerr 
Tulane University School of Medicine Grace A. Goupsmita 
New Orleans 
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3 Huff, J. W., and Perlzweig, W. A., J. Biol. Chem., 150, 395 (1943). 
‘Sarett, H. P., J. Biol. Chem., 150, 159 (1943). 
* Kodicek, E., Carpenter, K. J., and Harris, L. J., Lancet, 2, 491 (1946). 
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PRESENCE OF CHOLINE ACETYLASE IN STRIATED AND 
CARDIAC MUSCLE* 


Sirs: 

Nerve and muscle contain cholinesterase. They are the only tissue in 
which this specific enzyme has been found, whereas all other tissues con- 
tain distinctly different types of esterases.' The activity of cholinesterase 
is, as recent investigations have shown, inseparably associated with con- 
duction in both nerve and muscle. Specific and powerful inhibitors of the 
enzyme, like diisopropyl fluorophosphate and eserine, abolish the action 
potential of both tissues. As could be conclusively demonstrated, this 
abolition has to be attributed to the inactivation of the enzyme.” 

If acetylcholine plays the same essential réle in the conduction of the 
impulse in the muscle fiber as that in the nerve fiber, it should be expected 
that formation of acetylcholine by choline acetylase is possible in muscular 
tissue as well as in nerve tissue. When this enzyme was first discovered by 
Nachmansohn and Machado, in 1943, it could be extracted only from 
brain, whereas no activity was found in muscle and liver extracts.’ Since 
then the knowledge of the properties of the enzyme has been very much 
extended.‘ Recently a coenzyme has been found, simultaneously and 
independently, by Lipmann and Kaplan and by Nachmansohn and Ber- 
man, which increases the enzyme activity considerably.*:7 It appeared 
therefore desirable to retest whether or not choline acetylase is present in 
muscle. Acetone-dried powders of pigeon breast muscle, skeletal muscle 
of guinea pig, and cardiac muscle of rabbit and guinea pig were prepared 
by the same technique as was described for the brain powder.’ Extracts 
from these powders were prepared in the usual way and the compounds 
added and their final concentrations were the same as described previously : 
choline, acetate, eserine, potassium, magnesium, cysteine, ATP, and 
coenzyme.*:7 The incubation time was generally 60 minutes. 


* This work was made possible by a grant from the Josiah Macy, Jr., Foundation. 

‘Nachmansohn, D., and Rothenberg, M. A., J. Biol. Chem., 158, 653 (1945). 

*Nachmansohn, D., Ann. New York Acad. Sc., 47, 395 (1946). Couteaux, R., 
Grundfest, H., Nachmansohn, D., and Rothenberg, M. A., Science, 104, 317 (1946). 
Bullock, T. H., Grundfest, H., Nachmansohn, D., and Rothenberg, M. A., J. Neuro- 
physiol., in press. 

*Nachmansohn, D., and Machado, A. L., J. Neurophysiol., 6, 397 (1943). 

‘Nachmansohn, D., and John, H., Proc. Soc. Exp. Biol. and Med., 57, 361 (1944). 

*Nachmansohn, D., and John, H., J. Biol. Chem., 158, 157 (1945). 

*Lipmann, F., and Kaplan, N. O., J. Biol. Chem., 162, 743 (1946). 

"Nachmansohn, D., and Berman, M., J. Biol. Chem., 165, 551 (1946). 
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Choline Acetylase in Extracts Prepared from Acetone-Dried Powder of Striated and 
Cardiac Musck 


Each figure is the result of an individual experiment. 

















Tissue used ACh formed 
¥ per gm. per hr. 
Pigeon breast muscle........ eka am aks ws 30.4, 34.4 
Guinea pig skeletal muscle. . Sonate tel 16.0, 10.5, 22.2 
" * cardiac “ ; ‘ 19.5 


Rabbit cardiac muscle................ a 58.6, 67.3 








In all these extracts, presence of choline acetylase could be demon. 
strated (see the table). The amounts are much smaller than in extraets 
prepared from brain or nerve fiber, as could be expected, but they appear 
significant. It is possible that the nerve fibers present contribute to the 
acetylcholine formation, but it appears unlikely on the basis of the data 
available that this contribution amounts to more than a small fraction of 
the yield obtained. Although it would be desirable to determine this 
fraction by testing the formation of acetylcholine in muscle tissue after 
complete denervation, the data obtained suggest the presence of choline 
acetylase in muscle fiber. This is also supported by the complete absence 
of choline acetylase in liver and kidney extracts prepared in the same way 
and tested under the same conditions. 


Department of Neurology Davip N ACHMANSOBY 
College of Physicians and Surgeons M. BerMan 
Columbia University Micnakgt 8. Weiss 
New York 
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EFFECT OF BORATE ON A PROTEIN-POLYSACCHARIDE 
COMPLEX, THE PHOSPHOESTERASE FROM 
CALF INTESTINAL MUCOSA 


Sirs: 

An enzyme preparation from calf intestinal mucosa was studied for 
phosphodiesterase activity’ but was found to contain also phosphomonoes- 
terase' and adenosine deaminase.? Analysis confirmed the presence of 
polysaccharide, suspected because of solubility in high concentrations of 
organic solvents and precipitation from aqueous solutions only when fully 
saturated with ammonium sulfate. Attempts were made to obtain a more 
active phosphodiesterase fraction with little success. It was concluded 
that enzymes and inert proteins had closely similar properties, perhaps all 
being protein-polysaccharide complexes. 





Effect of Borate on Ammonium Sulfate Precipitation of Phosphoesterase 


Activity Polysaccharide 











| 
: Weigh - 
Fraction A... | (diesterase) | (as glucose)* Nitrogen 
So oe per cent ‘units per 10 me.| per cent per cent 
Original........ ea | g2 | 26.7 10.00 
Half saturation ....... oor a | °C SS. ...1 Jaen 9.50 
SS | 72 | 6! | 22.0 11.37 





Fractionation of phosphoesterase preparation (see foot-note 1): 0.8 gm. was 
dissolved in 20 cc. of water and 20 cc. of 0.1 m sodium borate (borax) adjusted to pH 
7.5 with concentrated HCl. 1 volume of saturated ammonium sulfate was added; 
the precipitate was dissolved in water, dialyzed, and recovered by acetone precipita- 
tion (see foot-note 1). The remaining solution was saturated with solid ammonium 
sulfate and the precipitate removed and treated as above. 

* Determined colorimetrically with the new copper reagent of Somogyi (Somogyi, 
M., J. Biol. Chem., 160, 61 (1945)). The samples, after solution in 5.0 ec. of water 
and 0.5 ec. of concentrated HCl, were hydrolyzed by heating for 2 hours at 100° in a 
closed tube. 


The interaction of simple carbohydrates and borates is well known and 
a neutral polysaccharide* became negatively charged in the presence of 
borate. Borate, therefore, was added to a solution of the above enzyme 
preparation prior to ammonium sulfate precipitation in an attempt to 
lessen differentially the solubilities of the enzymes and inert proteins. 
The solubility was decreased and a fraction was obtained with twice the 
activity of the starting material. A separation is suggested not of protein 

‘ Zittle, C. A., J. Franklin Inst., 241, 379 (1946); J. Biol. Chem., 166, 491 (1946). 


*Zittle, C. A., J. Biol. Chem., 166, 499 (1946). 
*Zittle, C. A., and Harris, T. N., J. Biol. Chem., 142, 823 (1942). 
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and polysaccharide but rather of protein-polysaccharide complexes of 
different properties, the differences enhanced by the addition of borate. 
The procedure will no doubt be applicable to other protein-polysaccharide 
complexes and perhaps to polysaccharides as well. 

Phosphodiesterase and phosphomonoesterase (alkaline phosphatase) 
were found to be reversibly inhibited approximately 50 per cent by 0.01 
mM borate. The influence of borate on phosphate metabolism has beep 
reported.‘ These effects appear to confirm the polysaccharide nature of the 
enzyme; however, the adenosine deaminase with like properties is not 
inhibited by borate. Explanation of the effect of borate on the intestinal 
mucosa phosphoesterases must await their availability in pure form, but 
borate may be an important tool for investigating the function of these 
enzymes. In view of their participation in the catabolism of nucleic acid, 
a component of the cell nucleus, it is conceivable that borate will influence 
pathological processes involving cellular multiplication. 


The Biochemical Research Foundation CHARLES A. ZitTLe 
Newark, Delaware 
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‘ Pfeiffer, C. C., Hallman, L. F., and Gersh, I., 7. Am. Med. Assn., 128, 266 (1945). 
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ON THE MECHANISM OF ENZYMATIC ACTIVITY. II 


Sirs: 

In a previous note’ experiments were reported which indicated that 
proteolytic enzymes could exert their action on films of antigens through 
intervening screens of inert material such as Formvar (a formaldehyde 
polyvinyl polymer). It was shown that a screen 65 A thick prevented 
the inactivation by trypsin of one double layer of bovine albumin, whereas 
ascreen of the same thickness deposited on three double layers of bovine 
albumin permitted complete inactivation by trypsin. 

This work has been extended and it has been found that the enzyme 
capable of depolymerizing the polysaccharide from type III pneumococcus 
could also exert its action at considerable distances (~200 A). A full 
report is in preparation. However, some facts recently established seem 
to warrant their publication in this note, as they furnish strong evidence 
in favor of long range enzymatic action. In the case of multilayers of 
bovine albumin deposited on metal slides and subsequently covered with 
barriers of Formvar it was found that the mode of deposition, up or down, 
of the antigenic layers had a tremendous influence on the distance at which 
trypsin solution deposited on the screen could inactivate the bovine al- 
bumin layers. For instance, when four monolayers of bovine albumin are 
deposited by successive immersion and emersion (| 1 ) on slides covered 
first with one double layer of egg albumin, a screen 90 to 100 A thick is 
sufficient to prevent inactivation by trypsin, whereas if the same number 
of monolayers is deposited by emersion only (1 ) a screen 100 A thick per- 
mits complete inactivation and a screen 250 A thick still allows inactivation 
to an appreciable degree. 

As previously described, the inactivation of the antigenic films was tested 
by the amount of antibody which could be specifically adsorbed on the 
films after removal of the screen by ethylene dichloride. Control ex- 
periments without trypsin treatment established the fact that the amount 
of antibody specifically adsorbed by the antigenic bovine albumin layers 
was independent of the mode of deposition of the layers nor was this amount 
substantially affected by the mere deposition and removal of a screen of 
Formvar. 

These new facts seem to exclude the possibility of the diffusion of the 
enzyme molecule through the screen, since identical screens deposited 
on the same total number of antigenic layers permit or prevent inactivation, 
depending upon the mode of deposition of the layers. These new facts 


*Rothen, A., J. Biol. Chem., 168, 345 (1946). 
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appear to support the theory proposed in the previous note that enzymatic 
action can occur through a resonating system consisting of enzyme and 
substrate molecules which do not necessarily have to be in immediate ¢gp. 
tact for the reaction to proceed. The orientation of the substrate Molecules 
in the case of regularly deposited films is a prime factor in determining the 
maximum distance at which the enzyme may exert its influence, and cay 
conceivably do so by favoring the setting up of the disintegrating vibrations 


Laboratories of The Rockefeller Institute ALEXANDRE Rormpy 
for Medical Research, New York 
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A NOTE ON THE ACTION OF TYROSINASE ON 
PEPSIN, TRYPSIN, AND CHYMOTRYPSIN 


Sirs: 

In a recent paper in this Journal it has been claimed by Sizer' that the 
enzyme tyrosinase catalyzes the oxidation of the tyrosy] residues of certain 
proteins. The proteins most susceptible to the action of tyrosinase were 
said to be the proteolytic enzymes chymotrypsin, trypsin, and pepsin. 
Furthermore it was claimed that the proteolytic activities of these enzymes 
were not decreased after the oxidation by tyrosinase of a part of the tyrosyl 
residues, and the inference was drawn that the intactness of at least a 
certain part of the tyrosyl residues was not essential for the action of the 
enzymes. This question has been reinvestigated in this laboratory as it 
seemed to us that for several reasons the experimental conditions used by 
Sizer did not permit of an unequivocal interpretation. 

In our experiments we tried to keep the experimental conditions as close 
as possible to those used by Sizer. The amount of non-protein tyrosine and 
tryptophane, as measured by the Folin reagent in the trichloroacetic acid 
filtrate at the end of the experiment, was determined in parallel runs, 
differing only in that no tyrosinase was added. The fact was observed 
that even several times recrystallized proteolytic enzymes contained 
appreciable amounts of non-protein tyrosine and tryptophane. This is 
generally the case when no special precautions are taken. Furthermore, 
in the case of trypsin it was shown that under the experimental conditions 
trypsin was fairly rapidly autolyzed, causing a gradual formation of con- 
siderable amounts of split-products. It therefore seems probable that the 
observed oxygen uptake was due entirely to the action of tyrosinase on 
tyrosine contained in the split-products present in the preparation from the 
beginning, and, in the case of trypsin, also formed during the reaction. In 
any case these reactions interfere to such a degree that no conclusions can 
be drawn as to the action of tyrosinase on the native protein itself. 

The reaction was also followed by measurements of the activity of the 
proteolytic enzymes at the beginning and at the end of the experiment. 
It turned out, as was to be expected, that pepsin was completely and 
almost instantaneously inactivated at the neutral reaction maintained in 
the experiment, and that no activity could be regained when the reaction 
was brought back to pH 2. A sample of pepsin was denatured by bringing 
the pH up to 7 and then reprecipitated several times at pH 4 in order to 
remove the split-products. When this preparation was subjected to the 


‘Sizer, 1. W., J. Biol. Chem., 168, 145 (1946). 
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action of tyrosinase, only a negligible oxygen uptake was observed, showin 
conclusively that the split-products were responsible for the oxygen uy 
in the original preparation. In the case of trypsin only a small fraetis 
of the activity could be recovered at the end of the experiment, which 
in conformity with the observed appearance of considerable amountg: 
protein split-products during the experiment. The inactivation of pepg 
and trypsin occurred quite independently of the presence or absenee 
tyrosinase. On the other hand, chymotrypsin did not lose any appreci: 
activity. The oxygen uptake, however, was low, and might well be 
counted for by split-products present in the preparation from the be 
ning. 


The Rockefeller Institute for Medical Research Penr FE 
Princeton 
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